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Protect the investment of your quadcopter 
with the perfect carrying system. 

Choose from two purpose-built options: 

DroneGuard Kit - Be flight-ready with 
the ultimate modular carrying system from 
Lowepro. With a place for everything in this kit: 
quadcopter, transmitter, blades, action video 
camera, batteries, chargers, cables, tools and 
manuals. This unique and highly functional kit 
offers a perfect, out-of-the-box solution. 
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DroneGuard Case - Lightweight and 
sturdy the composite-shell construction 
delivers superior impact protection. With a 
flexible interior providing storage for every 
accessory, action cam and tool, it also 
includes backpack straps to make trekking 
to your flying location hassle free! 


Find out more at lowepro.co.uk/droneguard 
Follow us on buiibber ©loweproUK 


or call 0845 250 0792. 
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MAKING WAVES IN THE ART OF SOUND 


WIRELESS SPEAKER 


Design by Ross Lovegrove* Sound by KEF. 

Innovation disrupts, When KEF collaborated with desi^ guru Ross Lovegrove to 
create the mighcy Muon, it rocked the world of extreme hi^ end audio. Inspired 
by the mighty Muon^ sculptural organic form and breakthrough technobgieSp 
the Muo makes new waves in the pursuit of art and sound perfection. 


"Our Verdict Great portable sound with a touch of Itrxury. 
KEF MuQ.What September 101 S 
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WELCOME 

years ago, I wrote an article about genius. My 
research ied me, inevitably, to Einstein's brain. 
Removed at his death, it's been studied for decades 
IlV ' ^ scientists iooking for the key to creativity. I was 

toid that the topography of his grey matter meant 
he was perfectiy suited to both crunching through 
single-minded tasks and stepping far enough away 
from a problem to see it from a new perspective. The 
explanation made sense, but it never quite satisfied me. 
Einstein didn't just make a connection that wasn't 
there. He saw the world anew. He realised space and time weren't fixed. 

Both were knitted together into an ethereal fabric that could be bent and 
warped, giving rise to gravity, among other phenomena. For the iast century, 
his description of how the Universe works has heid true, but this decade, 
it may finaily start to unravel. Head to p38 for Marcus Chown's guide to the 
experiments testing the Generai Theory of Reiativity to breaking point. 

Cioserto home, Bristoi - Focus's stomping ground - is getting kitted up 
with sensors, cameras and a supercomputer that wili transform it into one of 
Europe's smartest cities. Take a tour with our very own Russeil Decks on p61. 
And finaliy, on p53, we ask leading experts in robotics, Al and empioyment 
whether one day we'ii be free from the 9 to 5 to enjoy a iife of ieisure. Enjoyl 

PS Don’t miss our Christmas 

Daniel Bennett, Acting Editor issuo, on saie 10 December 2015 
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...leapt from the top 
of a skyscraper at 

Canon Expo 2015 in 
Paris. Not reaiiy... it was 
a high-res photo. We a iso 
checked out the latest 8K 
displays, mixed reality 
and creative printing. 


...caught up with Tim 
Peake in Cologne, 
ahead of his trip to the 
iSS. We even gave him a 
personalised copy of 
Focusl Don’t miss our 
Christmas issue to read 
the full interview. 




...paid a visit to the 
Hyundai Kia Festivai 
of ideas in Seoul. 

We got to see a bicycle 
that purifies water, a car 
that doubles up as a 
musical instrument and 
much more. 
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ON SALE NOW! 

THE STORIES 
OF SCIENCE 

Our new special issue 
collects the very best 
articles from our How 
Do We Know? senes. 


www.buysubscriptions.com/science 


APPEARING IN THIS ISSUE... 



JV 

Chamary 

JV has a PhD in 
evolutionary genetics, 
making him the perfect 
chap to investigate the science 
amateurs who are meddling with DNA. 
Eind out what he discovered on p66. 



Marcus 

Chown 



Einstein’s General 
Theory of Relativity 
marks its 100th birthday 
this month. On p38, astronomer and 
cosmologist Marcus investigates the 
theories that may unravel it. 


Helen 

' WW Helen is a marine 

\ biologist, writer and 

L ^ i broadcaster. On p48, 

she reports on the lionfish that are 
decimating Oaribbean reefs and 
uncovers an unusual control method... 



Kevin is the OEO of 
Appvance. At one of 
his TED talks, he 
painted a picture of a world in which 
no-one has to work. Is it too good to be 
true? We chat to him on p53. 


Kevin 

Surace 




WANT TO Turn to p36 to save 30% on the 
SUBSCRIBE? cover price and bag a free gift 




SUBSCRIBER On p36, Carolyn Fry digs into the world of botany and 
BONUS reveals the research that could transform food production 
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Awe-inspiring images from the world of science 


Megapixel 


Pearly whites 


WHEN MOST ANIMALS bare their 
teeth, you’re presented with a 
mouth fiiied with white gnashers. 
But oniy some of a thornback 
ray’s teeth are present in its 
mouth - the vast majority of them 
are found on its skin. 

Thornback rays are typicaiiy 
found off the coasts of Europe 
and western Africa. Like sharks, 
the rays are covered in derma i 
denticles, or ‘skin teeth’, that 
enabie them to swim more 
efficientiy. It was research into 
the differences between the 
renewai mechanisms of dermai 
denticles on rays and sharks that 
led to the creation of this striking 
image, which was created with an 
X-ray micro-CT scan. The colours 
in the picture, taken by Dan 
Sykes, relate to the density of the 


materiais that make up the ray’s 
body. High-density parts, such 
as the skeleton and teeth, show 
up white. Muscle and connective 
tissue, which are low density, 
appear orange. 

The images over these 
six pages are part of the 
Royai Photographic Society’s 
Internationai Images for Science 
competition, sponsored by 
BBC Focus. You can see aii the 
photographs at rps-science.org 

PHOTO: DAN SYKES/RPS/REX FEATURES 
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ROYAL 
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Megapixel 

Sandy sweeties 


brought to life. What looks like 
colourful pick-and-mix sweets 
are actually ‘spicules’. These 
defensive calcium-based 
structures protect the soft 
bodies of marine organisms 
such as Gorgonian corals, 
sponges and sea cucumbers. 
This image was taken by award- 
winning wildlife photographer 
David Maitland. 


THERE ARE CATACOMBS 
hidden under Paris that contain 
the skeletons of the deceased. 
While these tombs seem a 
world away from a tropical 
coastline, the two locations are 
more similar than you might 
think. On the beach, the fine, 
white sand between your toes 
is made up of the remains of 
tiny invertebrates. But when 
viewed through a microscope, 
the beauty of the sand is 


PHOTO: DAVID MAITLAND/RPS/REX 
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Breathtaking branches 

NOPE, THIS ISN’T the root of chitin - the same material 

structure for some fearsome that forms an insect’s hard 
plant. This mass of black exoskeleton - keep the tubes 

tendrils is part of a silk moth open so air can fiow freely, 
caterpillar’s respiratory system, David Maitland created this 
which differs dramatically from image by using differential light 
that of a mammal. microscopy to magnify the 

Rather than lungs, insects tracheal tree that he found on 
rely on a tracheal tree, which an Edwardian microscope slide, 
is a network of tubes that You can see this image and all 

conveys oxygen around their the other finalists on display 
bodies. Air is drawn in through at the Edinburgh International 

spiracles - openings in an Science Festival (26 March 

insect’s exoskeleton - where - 10 April 2016) and the Times 
it enters the tracheal tree. The Cheltenham Science Festival 
branches extend throughout (7-12 June 2016). 
the insect’s body, allowing 

the air to reach all its organs, photo: david maitland/rps/ 
tissues and cells. Hoops made rex features 
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CaOK4ME 


W hat’s the one thing in 

your life that always runs 
out? And the one thing 
you always wish you had more of? 
Time. As we go through life it seems 
we have less and less of this valuable 
resource. Occasionally it can seem 
like we have none to spare at all, 
especially when it comes to looking 
after a family. 

Often it’s mealtimes that gets 
pushed to the back of the agenda 
when trying to fit everything into your 
busy schedule. Convenience usually 
wins and this results in quick fixes 
such as; ready meals, takeaways and 
generally not very nutritious recipes. 
Delicious home-cooked food 


The simple, speedy 
way to home 
cooked meals 


FOUJOW TW PRE PPOORAMMED 
RCCffiES fHH PERFECTLY 
COOKED MEALS IN WNOTES 


Interactive 
Control Panel 

Guides you step-by-step through 
every recipe 

Automatically Sets 
Cooking Time 

and temperature for each recipe 

50 Pre-Programmed 
Recipes 

- Starters, mains & desserts 

- Over 30 recipes cook in less 
than 1 5 min* 

- Over 20 vegetarian dishes 

*excluding preheating and browning time. 


shared around the family table can 
now be the norm thanks to your own 
personal kitchen assistants - the Tefal 
Cook4Me and OptiGrill. 

Cook4Me 

Super-fast and intelligent, the 
CookftMe multi-cooker will ensure 
you spend less time cooking and 
more time enjoying delicious food 
with your family. 

CookftMe is interactive and smart 
in that it simplifies everyday cooking 
by guiding you, step-by-step, through 
every recipe in its pre-programmed 
library of 50 recipes (with 20 of these 
being suitable for vegetarians and 33 
which cook in 1 5 minutes or less*). 


50 

ReoijDe^ 



Coo^in^ Tim 


Cont^T PanC'T 



‘‘Delicious home- 


It also advises you on the quantity 
of each ingredient and automatically 
sets the respective cooking time, 
programme and temperature to 
match. This means, no matter what 
your skill in the kitchen, you will be 
helped every step of the way to 
ensure you prepare a delicious meal 
your whole family can enjoy. 

OptiGrill 

For those who struggle to keep track 
of timings when cooking the Tefal 
OptiGrill is a life-saver. Using the 
OptiGrill is like having a professional 
grill chef at home. Meat is cooked to 
your personal preference each time, 
whether rare, medium or well-done - 


removing any worries about over 
or under-cooking. 

There’s no more need to keep 
opening the grill to check whether 
your food is done and no more cutting 
into the steak to see what colour it is. 

Not just for steaks, the OptiGrill 
helps keep mealtimes varied and 
interesting with six automatic 
programmes with dedicated cooking 
cycles for different ingredients. 

With time racing by, convenience 
seems to always win in our busy 
day-to-day lives but now thanks to 
some help from Tefal in the kitchen 
convenience and tasty, varied 
and nutritional family meals go 
hand-in-hand. 


cooked food shared 
around the family 
table can now be 
the norm thanks to 
your own personal 
kitchen assistants - 
the Tefal Cook4Me 
and OptiGrill.” 



tdeas you cari*t live without. 

Contact: 

www.tefal.co.ul</cook4me 
www.tefal.co.u k/optigri 1 1 




OptiGrill 


Superb grilling 
results from rare 
to well-done 


6 Aatomtie 


THICKNESS 

MEASUREMENT 


Unique LED Cooking 
Level Indicator: 

Follow the cooking process 
without opening the grill 

Automatic Sensor Cooking: 

Adapts the temperature and cooking 
cycle to thickness and number 
of pieces 

6 Specific Automatic 
Programmes: 

Burgers, chicken, bacon, sausages, red meat 
and fish, plus defrost and manual functions 

Easy-Clean: Extra-large, dishwasher safe 
removable plates and drip tray 


Aatomtio Coo^in^ 


(/(ni(j(i^ Coo£in^ 
Ceu'ci fnd/catof^ 
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OSENDTO... 


REPLY 

Your opinions on science, technology and BBC Focus Magazine 



Q reply@sciencefocus.com 
@ BBC Focus Magazine, Tower House, 
Fairfax Street, Bristol, BSl 3BN 

^ @sciencefocus 
n www.facebook.com/sciencefocus 

Letters may be edited for publication 



NASA scientists ceiebrate 
the first Moon ianding in 
1969. Or do they? 


What if 


I ENJOYED YOUR piece about conspiracy theories (November, p48). The trouble is, 
conspiracy theories can lead people down a blind alley with only two street signs to follow. 
Tact’ or Tiction’. But a third option needs to be considered: both sides of the argument may 
turn out to be true. 

For example, what if NASA did land on the Moon, but also worked up a contingency plan 
that mocked up a Moon landing in case of failure? As the Moon landing was successful 
there was no need for the back-up plan and the evidence was hastily buried. Now we have 
a scenario where NASA confidently defends conspiracy accusations with hard scientific 
facts, yet enough evidence exists of NASA’s intended subterfuge to fuel conspiracy theories. 
Perhaps certain powers deliberately steer us into the Tact or fiction’ mentality in order to 
forever obfuscate the real truth. 

Now that sounds like a conspiracy to me! 

Henryk Kuzminski, Worcestershire 



Write in and win! 


The writer of next issue’s Message of the Month wins a set 
of Urbanista Boston earphones, worth £59.99. With sound 
delivered to your ears via Bluetooth, you won’t get tangled up in 
wires again, and they’re also water-resistant, so a little rain won’t 
hold you back! Available to buy from carphonewarehouse.com 


Moon movements 

Regarding your very interesting article on 
building a base on the Moon (November, 
p61). The list of Moon facts includes the 
subject of a letter I wrote to 'Q&A a few 
months ago. Among other details you 
state that the Moon is moving away from 
earth at 3.8cm per year and also that it is 
4.53 billion years old. My question, as yet 
unanswered, was why is it still visible, 
assuming the movement has been taking 
place for that immense length of time? 

Some creationists claim that the moon 
could not possibly be more than a few 
thousand years old, otherwise it would 
long since have disappeared. Surely there 
must be some other explanation? 

Hamish Neill, Suffolk 

The answer is that the rate at which the 
Moon is moving away from us is increasing 
over time. So it's 3.8cm per year now, but it 
was less in the past. Back then, when it was 
closer, it felt a stronger gravitational pull 
from the Earth and so couldn't flee as fast. 

- Colin Stuart 

The makings of a Martian 

The human colonisation of Mars will 
eventually happen. It seems a little less 
hostile an environment than the Moon, 
with water potentially more readily 
available. It is, of course considerably 
further away, with radio communication 
delay times of five to 21 minutes 
depending upon the orbits. 

Early explorers will be kept busy 
simply trying to survive but with 
preparation the challenges are not 
insurmountable. A location close to 
the Martian equator offers maximum 
available sunlight and warmth, plus 
exposure for solar panels which I expect 
will be more efficient than those in use 
today. Landing within a modest size 
crater, with pre- delivered machinery 
and power plant close by, would offer 
advantages since it could provide 
initial shelter from radiation and the 
establishment of storage or living space. 

Scenery might also prove an important 
consideration, as Mars is a desert planet. 
Locating your base in a side canyon of 
the vast Mariner Valley would offer 
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The Mariner Valley: a highly 
des res in Martian terms 


interesting vistas to fuel the imagination 
of the colonist during whatever spare 
time he or she had during the day. 

News and movies broadcast from 
Earth will be necessary for evenings, 
and to see out the occasional sandstorm 
blackout. A later phase, future biotech 
permitting, could be a transparent 
biodome, organically grown from newly 
delivered materials, possibly utilising 
basalt blocks or the wall of a small crater 
as foundations. Within the biodome, GM 
insects and plants would then establish 
the first Martian ecosystem. 

All very fanciful - but then at one time, 
so was flight. 

Jeff Clarke, Devon 

A trip down Memory Lane 

I read with great interest Alan Baddeley’s 
piece on human memory (November, pl6, 
subscribers only). The question 'Why 
do we forget so many things?’ and the 
suggestion that we remember important 
things but not others, led me to wonder 
why we consider some things more 
important than others. 

I suspect our interest in the experience 
or process plays a part here. At school I 
found the subject of history boring, but 
geography inspired me. I could easily 


recall and draw maps, but not recall when 
a particular king was on the throne. So 
what brain function causes interest in a 
subject that another finds uninspiring? 

Music was not mentioned in the article, 
but in my experience with learning to 
play the guitar I have found that when 
learning a new piece, all my effort of 
remembering goes into knowing which 
notes and chords to play, and where 
to form them on the fretboard. With 
practice this becomes less important 
as I visualise the phrases as a pattern 
or shape rather than individual notes. 
Could this be part of the consolidation 
of the neurochemical trace left by the 
learning experience, and the result of the 
hippocampus transferring information to 
other parts of the brain? 

I did have another point to make, but 
can’t recall it at the moment, so it can’t 
have been very important... 

Ron Hayward, London 

Making a meal of it 

In Tutting research to the test’ (October, 
p31), Robert Matthews suggests that 
students should do exactly that - subject 
the published results of professional 
scientists to further scrutiny. 

Undergraduates in Glasgow 
University’s Chemistry Department, 
in 1971, were indeed asked to repeat 
procedures described in a peer-reviewed 
journal. We found that the original 
authors’ conclusion was, as Glaswegians 
say, 'mince’. Our lecturer agreed. 

However we were never told why this 
erroneous paper remained, leather- 
bound, on our library shelves. 

Presumably it takes a degree of moral 
courage to challenge the findings of 
establishment figures, especially if they 
can influence your future career. 

John Samson, Edinburgh 
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HOME ENTERTAINMENT 



R SERIES 

R50 Dolby Atmos-enabled Speaker 

Win an amazing KEF R Senes Dolby Atmos* home cinema 
speaker system along with a Samsung 55" curved TV. BJu-ray™' player, 
a Yamaha AV receiver and The Man from UN CLE on Bju-ray!* 

Visit www.keLcDm/gb to be in with a chance to win! 
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views from the world of science jason aooDYER 


PLASTIC 

UNFANTASTIC 

We need the oceans, 
so why are we letting 
them become a 
plastic soup? 


SUGARY 

COMET 

It’s spewing 
out alcoholl 
Christmas has 
come early... 


NEW SPECIES 
FOUND 

Weird creatures, 
including a 
blue-eyed frog and 
a walking hsh 


THE BIG STORY 


MOST EARTHtLIKE PLANETS 

ARE YET TO BE BORN 





The Universe may continue 
to pump out pianets for 
biiiions of years 










According to.data from the Hubble Sp^e 
Telescope and Kepler, Earth may be one of the 
earliest habitable planets in existence 

HE EARTH MAY be one of.the earliest habitable 
, planets ever to form, researchers from the Space 

Telescope Science Institute have found. 

Scientists surveying data collected by NASA’s 
Hubble Space Telescope and the planet-hunting Kepler 
space observatory have found that when our Solar System 
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Discoveries 


O came into being 4.6 billion years ago, 
only 8 per cent of the habitable Earth- 
like planets that will ever form existed. 

The overwhelming majority - a whopping 
92 per cent - of the planets are still yet to 
be born and will not appear until long after 
our Sun burns itself out in around six billion 
years’ time. 

“Our main motivation was understanding 
the Earth’s place in the context of the rest 
of the Universe,” said study author Dr Peter 
Behroozi. “Compared to all the planets that 
will ever form in the Universe, the Earth is 
actually quite early.” 

For a planet to be considered habitable, 
it has to orbit its parent star at a distance 
that could allow liquid water to exist on the 
surface - not so close that it boils away, and 
not so far away that it freezes. Based on data 
from Kepler’s planet survey, the researchers 
predict there are currently around one 
billion Earth-sized planets in the Milky Way 
and 100 trillion in the observable Universe. 

Data from the Hubble Space Telescope 
shows that 10 billion years ago the Universe 
was making stars at a much faster rate than 
it is now. However, only a small proportion 
of hydrogen and helium gas, the elements 
needed to form a star, was used. 


Although the formation rate is much 
slower today, the sheer volume of leftover 
gas means that the Universe will continue to 
pump out stars and planets for hundreds of 
billions of years. 

“There is enough remaining material after 
the Big Bang to produce even more planets 
in the future, in the Milky Way and beyond,” 
added co -investigator Dr Molly Peeples. 

The Universe’s last star is not expected 
to burn out for another 100 trillion years, 
providing enough time for countless 
numbers of Earth-like planets to form in 
habitable zones. This is perhaps bad news for 
those hoping to come into contact with alien 
life forms, but it does offer us one advantage: 
we are able to use powerful telescopes such 
as the Hubble Space Telescope to peer deep 
into the Universe allowing us to track its 
birth ah the way back to the Big Bang. 

We’re lucky to live at this point in the 
Universe’s history. Observational evidence 
for the Big Bang and cosmic evolution - 
encoded in light and other electromagnetic 
radiation - will be ah but erased in a trillion 
years due to the runaway expansion of 
the Universe. This will make it incredibly 
difficult for far-future civilisations to figure 
out how the Universe began and evolved. 



TIMELINE 

A history of exoplanet research 


1992 


Astronomers Aleksander 
Wolszczan and Dale Frail 
track down 

PSR1257d2b, which is 
the first planet ever 
discovered outside the 
Solar System. 


1999 ^^^^ 

David Charbonneau 
(right) and Greg Flenry 
independently observe 
HD209458b, the first 
transiting exoplanet. It is 
the first exoplanet known 
to have an atmosphere. 



2001 

Astronomers from 
Geneva University find 
HD28185b, the first 
exoplanet found to be in 
the so-called habitable 
zone around a star where 
liquid water can exist. 


2009 

NASA’s Kepler mission 
launches to survey a 
region of the Milky Way 
with the goal of 
discovering Earth-like 
planets orbiting 
other stars. 


GOOD MONTH/ 
BAD MDNTH 

It’s been good for: 

WEIGHTIIFIERS 

PUMPING IRON TWICE a week may help 
keep your brain young. A team at the 
University of British Coiumbia has found 
that those who worked out with weights 
had iess age-reiated brain shrinkage 
than their peers. 

THE FOLLiCLY CHALLENGED 

IF YOU HANKER after the days when 
you had a head of iusoious hair, you 
may be in iuok. A Coiumbia University 
team has found that rapid hair growth 
oan be triggered in mioe by giving them 
drugs that inhibit oertain enzymes 
within their hair foiiioies. 


I 

-m 

It’s been bad for: 

DOTiNG FATHERS 

ANY FATHER IS likely to beam with 
joy upon hearing their baby biurt 
out ‘dada’ for the first time. But their 
pride is mispiaoed, a study from the 
University of Missouri has found. The 
babies aren’t oaiiing for their fathers 
but are instead iistening to the sound 
of their own voioe. 


MEAT LOVERS 

NEXT TIME YCU are reaohing for that 
baoon butty or sausage bap you might 
want to think twioe. A report reieased 
by the Worid Heaith Crganization oiaims 
that eating just 50g of prooessed meat 
a day, iess then one average sausage, 
oan inorease the ohanoe of deveioping 
ooioreotai oanoer by 18 per oent. 
However, the overaii risk of deveioping 
oanoer due to the oonsumption of 
prooessed meat stiii remains smaii, 
they said. 
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The price of 
plastic bags 



Plastic waste at Labuan Bajo 
in eastern Indonesia 



T A RESORT in Turkey, 
the beach closest to our 
hotel was spotless but a 
neighbouring stretch of 
sand was almost covered 
with pieces of plastic. Bags, 
bottles, ropes and other items 
lay heaped on the shoreline and 
turned a potentially beautiful 
spot into a dump. 

Just offshore, I filmed more 
plastic bobbing on the swell. The 
experience was pretty shocking 
because - like an iceberg - the 
majority of waste drifts unseen 
below the waves. I used the 
shots in a report on the BBC’s 
News at Six marking the recent 
introduction of a 5p charge for 
bags in England. The editors 
were appalled at the scene. 

The latest estimate is that 
some eight million tonnes of 
plastic are added to the oceans 
every year and that creates two 
big threats. For a start, the stuff 
accumulates. Plastic has become 
central to our lives because it is 
so durable, but this means that 
much of it lasts. The second 
problem is that flimsy pieces 
of plastic, such as bags, get 
broken up into millions of tiny 
fragments and what happens 
to them is now the subject of 
urgent research. 

Studies at Plymouth Marine 
Laboratory and the University 
of Exeter have shown that so- 
called microplastics are ingested 
by creatures at the bottom of 


the marine food chain. Research 
suggests that a person eating 
an average amount of seafood 
would consume about 11,000 
plastic particles every year. 

That may be harmful - or not. 
Other toxins in seafood, such as 
heavy metals, may be far more 
threatening. We cannot be sure. 

And this brings to me to 
some good news. When 1 first 
reported on the threat of plastic 
waste seven years ago, it seemed 


to land as a bombshell for many 
people. Now there’s far greater 
awareness of the potential 
impact of marine plastic. 

And there’s also been a 
huge increase in scientific 
engagement. Plastic waste 
is a menace that not only 
concerns oceanographers 
and conservationists but 
also biologists, chemists 
and toxicologists. If we’re 
to understand the true scale 


of the threat to marine life, 
and ultimately to us, we need 
a sustained and concerted 
research effort. 

In the meantime, the priority 
has to be to try to stop yet more 
plastic getting into the oceans 
in the first place. Just a thought 
next time you’re offered a bag. 


DAVID SHUKMAN is the BBC’s 
Science Editor. @davidshukmanbbc 





Lee Harvey Oswaid 

The gunman 
who shot JFK 


Hang on. Didn’t he die in 1963? 

He did. But conspiracy theories 
surrounding the assassination of 
President John F Kennedy have 
proved more difficult to kill off 

So are there any 
new developments? 

There are. Wearers of tinfoil 
hats have long claimed that 
a famous black and white 
photograph of Oswald holding 


a 6.5mm Carcano rifle, the 
same model used to shoot 
Kennedy, was faked. They cite 
inconsistencies in the shot’s 
shadows and the fact that he 
looks to be off-balance. Oswald 
himself also claimed that the 
picture was a fake. 

What’s the verdict? 

Computer scientists at New 
Hampshire’s Dartmouth 


University used 3D modelling 
techniques to accurately 
recreate and analyse the photo. 
They found that although 
Oswald was standing at an 
unusual angle in the picture, his 
posture would still have been 
stable. The lighting and shadows 
were also found to be consistent 
with the light source. To find 
out more, listen to an In Short 
clip at bbc.in/lGRZsPP 
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1 MINUTE EXPERT 

MesonfOnTW 



What’s that? A 
^ 7 ^ new first-person 
shooter, perhaps? 

Way off. It’s an exotic particle 
proposed as a candidate for the 
elusive glueball’ by scientists at Vienna 
University of Technology. 



So what’s 
a glueball? 

It’s a particle made up 
entirely of gluons - elementary 
particles that help to bind quarks 
together to form protons and 
neutrons. Its existence was first 
proposed by physicists Murray 
Gell-Mann and Harald Fritzsch in 1972. 


Okay. What makes 
them so elusive? 


Glueballs are so unstable 
that they can only be detected 
indirectly by searching for evidence 
of their decay patterns. This means 
that researchers must look for the 
signature particle trails they leave 
behind as they break down. The 
team has proposed a mechanism for 
this decay process. 


So now they have 
found them, we 
can break out the 
champagne, right? 

Not just yet. While there is strong 
evidence that the team have got 
their sums right, the theory is going 
to be tested further in experiments 
carried out by the TOTEM and LHCb 
detectors at CERN’s Large Hadron 
Collider in the coming months. 




A glueball is made up of gluons 



MEDICINE 

Could we create ‘exercise in a bottle’? 


WE ALL KNOW that 
working out is good for us but 
sometimes the sofa and a bag 
of crisps are just too inviting. 

A team at the University 
of Sydney has found that 
drugs could potentially be 
created that mimic the effects 
of exercise. “Exercise is 
the most powerful therapy 
for many human diseases, 
including Type 2 diabetes, 
cardiovascular disease and 
neurological disorders,” 
explained research leader 
Prof David James. “However, 


for many people, exercise 
isn’t a viable treatment 
option. This means it’s 
essential we find ways of 
developing drugs that mimic 
the benefits of exercise.” 

The researchers analysed 
muscle biopsies from four 
untrained, healthy males 
following 10 minutes of high 
intensity exercise. They 
found that activity triggered 
more than 1,000 molecular 
changes within the muscle. 

Most traditional drugs 
target individual molecules. 


but the exercise blueprint 
shows that for any drug to 
mimic exercise it will need to 
target multiple molecules at 
the same time. 

“We believe this is the key 
to unlocking the riddle of 
drug treatments to mimic 
exercise,” James said. 

“Our data clearly show the 
complexity of the response: 
it is not one thing, but rather 
the drug will have to target 
multiple things. Our research 
has provided the roadmap to 
figure this out.” 


NEUROSCIENCE 

Drecim on... eind off... and on 


SWEET DREAMS COULD 
be a mere flip of a switch 
away. A team at UC Berkeley 
has devised a method of 
sending mice into REM sleep 
in seconds. 

The scientists inserted 
an 'optogenetic switch’ into 
group of nerve cells in the 
medulla, a part of the brain 
that regulates functions such 
as breathing, heart rate and 
blood pressure. They then 
shone lasers at targeted areas 
of the brain to activate and 
deactivate it. 

REM (rapid eye 
movement) sleep is the 
dream state characterised by 
activation of the cortex, an 
area of the brain connected 
to memory, thought and 
consciousness, and paralysis 
of the skeletal muscles. 

“People used to think that 
this region of the medulla 


was only involved in the 
paralysis of skeletal muscles 
during REM sleep,” said 
lead author Yang Dan. 
“What we showed is that 
these neurones triggered 
all aspects of REM sleep, 
including muscle paralysis 
and the typical cortical 
activation that makes 
the brain look more 
awake than in non- 
REM sleep.” 

The discovery will 
help researchers 
understand the 
complex process 
of sleep and 
dreaming in 
the brain, and 
could lead to new 
therapies, the 
researchers said. 

“Many psychiatric 
disorders, especially 
mood disorders, are 


correlated with changes in 
REM sleep, and some widely 
used drugs affect REM 
sleep, so it seems to be a 
sensitive indicator of mental 
and emotional health,” said 
researcher Franz Weber. 



All tuckered out from experiments 
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NEW MOON RISING 


THE NEW C9 MOONPHASE 



Mankind has looked to the moon to tell the time for over 34,000 years and now, with the 
introduction of our in-house modification. Calibre JJ04, we are proud to join this tradition. 
With the continuous setting of this new complication the transformation of the moon is 
perpetually accurate with a tolerance of just one day in 128 years. 


Chr-WARD 

LONDON 

EXCLUSIVELY AVAILABLE AT christopherward.co.uk 
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Will W[ IHl FUIURl 

BY GRAHAM SOUTHORN 


Migraine 

breakthrough 


ABNORMAL ACTIVATION 
of a cluster of brain cells called 
the ‘trigeminovascular system’ 
is believed to be responsible 
for causing migraines. 

The cluster relays sensory 
information, including pain 
signals, but which part of the 
nervous system triggered 
it was unknown. Now, an 
international team has 
treated migraines in rats by 
targeting cells deep inside the 
brain. The scientists used a 
compound to block PACI - a 
receptor protein - but so far 
it has only been applied 
directly to the brain, rather 
than intravenously. 


Abnormal activation of a 
ciuster of neurones may 
cause migraines 












Self-destructing 

circuit 


JAMES BOND’S GADGET supplier Q 
would be proud of this: an electrical 
circuit that disappears after one day, 
leaving no trace of its original purpose. 
Georgia Institute of Technology 
designed it by depositing carbon atoms 
on graphene - the 'miracle material’ 
that’s also a form of carbon. The atoms 
initially form a circuit but gradually 
move out of position. The speed of this 
change depends on the temperature 
and specially designed structures on 
the surface. In addition to espionage 
there are medical applications: 
different patterns of atoms could 
trigger the release of drugs into a 
patient’s bloodstream. 



Andrei Fedorov created the Bond-like circuit 



HIV 

detector 


A FAST, CHEAP way of diagnosing 
infectious and autoimmune diseases 
such as HIV and rheumatoid arthritis 
has been developed at the University 
of Montreal. A 'machine’ made of 
DNA can recognise a specific antibody 
- binding to it and creating a signal by 
generating light - within five minutes. 




LAB-GROWN KIDNEYS suitable 
for transplants are some way off. 

But scientists at Murdoch Children’s 
Research Institute have grown a 
kidney-like structure from stem cells. 
It could be used for testing drugs, 
researching diseases and supplying 
kidney cells for medical treatments. 


Q Anti-frost 
surface 

FROST PLAYS HAVOC with travel 
plans, covering your car windows and 
delaying flights. But now a surface has 
been created by engineers at Kansas 
State University that prevents frost 
forming at temperatures down to 
-6°C. It’s 'biphilic’, repelling water 
in some areas and attracting it in 
others, which delays the freezing of 
the droplets. 



Droplets forming on a biphilic surface at -AT 
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O Microbe 

‘fingerprints’ 


CRIMES COULD 
be identified from 
microbes in the air. 

We all have bacteria 
living on us, but the 
combination varies. 
University of Oregon 
scientists told 11 people 
apart simply by sampling 
the air around them. 



Your bacterial 
‘aura’ is unique 



4 Robotic 
finger 


A 3D -PRINTED robotic finger 
that looks and feels like a human 
appendage could be the future of 
prosthetics. It is made of shape 
memory alloy (SMA) that flexes and 
extends when it’s heated and cooled 
by an electric current. 



H Three-dimensional 
billboard 


3D IS BACK again. At Vienna University of creating a 3D picture by giving each eye 

Technology, researchers have perfected a a different perspective. The system is 
3D display requiring no glasses. Its pixels, capable of playing 3D movies or serving 

dubbed Trixels’, combine red, green and up eye-catching adverts on gigantic 
blue lasers and moveable micro mirrors. billboards. Its makers say the technology is 
The image changes as the mirrors sweep ready for commercial partners to take 
from left to right across your field of view, it forward. 


2 Self-repairing 
material 

IMAGINE HOW USEFUL 
a self-repairing material 
would be. It could be used 
in parts for cars, planes and 
spacecraft to help prevent 
catastrophic failures, and 
medical implants that break 
inside a human body could 
simply heal themselves. 
Such a material, which is 
capable of rejoining itself in 
less than 15 seconds if cut 
with scissors, has now been 
developed. Scientists at the 
University of Alicante say 
that the flexible, transparent 
resin is even able to 
heal itself underwater, 
retaining its original shape 
in the process. 



4 Personalised 
^ I education 



EVERYONE’S BRAIN CELLS - 
neurones - form a unique pattern of 
connections, according to research 
by Yale scientists. They identified 
126 individuals from brain scans 
taken as they performed a variety 
of tasks, producing a ‘fingerprint’ 
called a connectivity profile. The 
profiles could be used to 
predict how logical 
you are, how 
good at solving 
nrohlems. and 


good at solving 
problems, and 
could even be 
used to tailor 
educational 
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Do asteroids cause 
niciss extinctions? 


YIKES! IT SEEMS comet 
and asteroid showers may be 
causing mass extinctions on 
Earth in an alarmingly regular 
cycle. But before you start 
to panic, the good news is 
that another one isn’t due for 
around 14 million years. 

Through studying the age 
and regularity of impact 
craters over the last 260 
million years, researchers in 
the USA have discovered a 
strong correlation between 
mass extinction events and an 
increased number of asteroid 
strikes. What’s more, they 
found the two events occur in 
regular intervals of around 26 
million years. 


‘^This cosmic cycle 
of death and destruction 
has without a doubt 
affected the history of life 
on our planet,” said New 
York University’s Dr 
Michael Rampino. 

The cycle has been 
linked to the periodic 
motion of the Sun and 
planets through the 
dense mid-plane region 
of the Milky Way. It is 
thought that gravitational 
effects of the Oort comet 
cloud that surrounds 
the Sun may trigger asteroid 
showers in the inner Solar 
System during this time, with 
some of them striking Earth. 


Asteroids and 
comets appear 
to strike Earth in 
regular cycles 


■%* 




Resistance is Futile 

Pearson have exciting opportunities for Science practitioners 
to become Standard Verifiers for our BTEC Applied Science qualifications. 

Being an SV is a great way to: 
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• Enhance your teaching 

For more information and how to apply, please visit our website 
www.edexcel.com/ aa-recruitment or email us at aaresourcing@pearson.com 

We only make science puns periodically 


ALWAYS LEARNING 


PEARSON 






ILLUSTRATOR: DEM ILLUSTRATION 


Comment 



ROBERT MATTHEWS 

THE COST OF CHRISTMAS 

Don’t be tricked by marketing pioys this hoiiday 



D ON’T YOU JUST love Ohristmas? Me 
neither. Actually, that’s not quite true. 

I like the social side of it - seeing friends 
and relatives, enjoying carol concerts and 
big feeds. What I object to is the sense of 
being psychologically manipulated by big business. 

Economists have been saying for years that we’d 
all be better off if we could rid ourselves of the 
emotional blackmail of gift buying. Over 20 years 
ago, Yale University economist Joel Waldfogel 
coined the term ‘deadweight loss of Christmas’ to 
describe the orgy of wealth-destruction that breaks 
out during the holiday season. 

Over the next few weeks, we’ll be splurging 
around £15bn preparing for the festivities, with the 
bulk of it - around £10bn - going on pressies. 

That’s great for big business. But according to 
Waldfogel, as much as 30 per cent of that £10bn is 
wasted on gifts that people give but the recipients 
don’t want. In other words, the ‘deadweight loss’ of 
Christmas could be as high as £3bn. 

In these financially straitened times, can we really 
afford to throw money away on that scale? 

Some will see this as a classic case study in ‘the 
dismal science’ of economics. After all, the money 
isn’t wasted - it’s the thought that counts. 

Certainly the retail trade puts a lot of thought into 
Christmas. They even have their own branch of the 
dismal science to help them. It’s called behavioural 
economics and it’s scarily powerful. 

Cne of the highlights of my year was spending 
two days at BX2015, an international gathering 
of the behavioural economics community. The 
cast included American 
economist Richard Thaler, 
a pioneer of ‘nudge 
theory’. This identifies 
ways of getting people to 
change their behaviour 
by subtly tilting their 
options, rather than 
restricting them. 

The UK arguably leads 
the world in this, the 
Cabinet Cffice having 

set up a ‘Nudge Unit’ - officially the Behavioural Insights Team - in 
2010. Among its many successes have been dramatic improvements in 
recovery of taxes, simply by telling late payers how their money is vital 
for public services. 

There were plenty of government officials at BX2015 looking to learn 
what behavioural economics can do for them. But the retail sector has 
been on to this kind of stuff far longer. There were probably Neanderthals 
sitting outside caves saying ‘big sale - final reductions’ during the Ice Age. 


‘There were probably 
Neanderthals sitting 
outside caves saying 
‘big sale -final 
reductions’ during 
the Ice Age” 


Overspending at Christmas is as hard to resist as that last mince pie 


Their high-street counterparts routinely exploit this so-called ‘scarcity 
principle’, and it’s one of the key nudge factors identified by another of 
the stars of BX2015, social psychologist Robert Cialdini of Arizona State 
University. The threat of missing out bounces us into doing - and buying - 
all sorts of stupid things. 

Another is reciprocity - put simply, giving something to get something. 
This is powerful and is a key driver of Yuletide wealth destruction. We feel 
awful when we break the reciprocity principle, so we get bounced into 
buying presents on the off chance the other person will. 

There are glimmerings of hope. People send far fewer Christmas cards 
than they used to: apparently oldies resent the soaring cost and kids 
prefer social media. But charities are suffering from the loss of revenue. 

It’s time we all pushed back against the commercially driven nudging of 
Christmas. Instead of buying gifts, maybe we should tell everyone to make 

donations to charities on our behalf 
instead. Then we’d save ourselves 

ROBERT MATTHEWS is Visiting ^ fortune, a lot of hassle and any 
Professor in Science at Aston worry about not giving others what 

University, Birmingham they really want. ■ 
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SPACE 

Comet found to be 
spewing out cdcohol 




IT GIVES A whole new 
meaning to the phrase 'booze 
cruise’: researchers at NASA’s 
Goddard Space Flight Center 
have found that Comet Lovejoy 
is spraying vast amounts of 
alcohol into the cosmos. 

The team found 21 organic 
molecules on the comet in total, 
including ethyl alcohol and 
glycolaldehyde, a simple sugar. 
Lovejoy was pumping out up to 
500 bottles of wine’s worth of 
alcohol per second. This is the 
first time ethyl alcohol has been 
observed in a comet and the 
discovery is further evidence 
that comets may have been a 
source of the complex organic 
molecules necessary for 
the emergence of life. 

"The result promotes 
the idea that comets 
carry very complex 


chemistry,” said researcher 
Stefanie Milam. "During the 
Late Heavy Bombardment 3.8 
billion years ago, when many 
comets and asteroids were 
blasting into Earth, life didn’t 
have to start with just simple 
molecules like water, carbon 
monoxide, and nitrogen. 

"We’re finding molecules with 
multiple carbon atoms. So now 
you can see where sugars start 
forming, as well as more complex 
organics such as amino acids, the 
building blocks of proteins, or 
nucleobases, the building blocks 
of DNA,” she added. 


BIOLOGY 

Cheap ‘mini-brains’ could 
reduce animeil testing 


IT’S GOOD NEWS for the 
scarecrow from The Wizard 
Of Oz: researchers at Brown 
University have developed a 
method of growing functioning 
'mini-brains’. 

The little brain balls can’t 
think like real grey matter, 
but they do produce electrical 
signals and form their own 
neural connections, making 
them a suitable replacement for 
animals in drug testing. 

To produce the brains, the 
team isolated cells from a small 
sample of living tissue taken 
from a rodent and placed them 
into tiny spherical moulds about 
3mm across. The tissue began 


growing within 24 hours and 
formed complex 3D neural 
networks in two to three weeks. 
They can live for upwards of 
one month. 

Thousands of the tiny 
organoids can be made from a 
small tissue sample, and they 
cost just I6p each to produce. 

"We think of this as a way to 
have a better in vitro [in the lab] 
model that can maybe reduce 
animal use,” said researcher 
Molly Boutin. "A lot of the work 
that’s done right now is in two- 
dimensional culture, but this 
is an alternative that is much 
more relevant to the in vivo 
[real life] scenario.” 



THEY DID WHAT?! 

Cadaver arms used 
to ‘throw punches’ 


What did they do? 

University of Utah researchers 
attached the arms of male 
cadavers to a pendulum and 
swung them into a force - 


detecting pad to emulate the 
throwing of a punch. 

Why did they do that? 

They wanted to test the theory 
that the human hand evolved 
to enable males to engage in 
fights over women. The idea 
comes from the fact that we 
have shorter palms and longer, 
stronger, more flexible thumbs 
compared to other apes. 


What did they find? 

After testing hundreds of 
punches, they found that 
humans are able to strike with 
double the force when using 
a clenched fist rather than 
an open-handed strike. The 
hand could have evolved due 
to improvements in manual 
dexterity while also providing 
a benefit for those engaging 
in fisticuffs. 



Human hand: evolved for fighting? 
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Everyday science 



HELEN CZERSKl 


MAPPING WITH MAGNETS 

A simple compass reveals a whole new world 



Y OU'D HAVE THOUGHT I’d know my 

own home, but I disoovered this week 
that there’s far more to it than I’d 
appreoiated. I bought myself a nioe, 
sensitive navigationai oompass, sadiy 
not one with a shiny brass ease and engravings 
of ships, but stiii a oompass in the originai styie 
with a quivering needie and a boid arrow for 
north. I spent a whiie doing pirouettes and being 
impressed that the needie oouid keep up, then 
I put it down next to a metai ruier on my 
desk. The needie whizzed round and pointed 
at the ruier. It had never ooourred to me that 
the ruler might have its own magnetio fieid. The 
oompass oieariy had far more than navigation to 
offer. Twenty minutes of wandering round my 
fiat, watohing as the needie mapped out what I 
oouidn’t see, ohanged my view of where I iive. 

When you think about it, it’s pretty oooi that 
oompasses work at aii. The Earth has its own 
magnetio fieid that pokes out of the magnetio 
North Poie (whioh isn’t in quite the same piaoe as 
the geographio North Poie) and reoonneots with 
the pianet at the South Poie. It’s a fairly weedy 
magnetio fieid - even a standard fridge magnet 
is 100 times stronger. But it’s aiways there, 
wherever you are. If you put two bar magnets 
next to eaoh other, their north poies wiii fiy apart 
and they’ii spin around untii their north and south 
ends touoh. And if you put a bar magnet on the 
surfaee of the Earth, it wiii aiso spin to aiign itseif 
if it’s free to move. That’s why the needie on my 
oompass is so deiioate - there’s very iittie friotion 
or inertia to stop it moving. Every bar magnet wiii 
feei the tug of the pianet - 
this needie is oniy speoiai 
beoause it oan respond 
very quiokiy. 

Mostiy, the magnetio 
fieid pushes the needie 
to point north. But my 
steei kitohen knives 
aii re-shape their iooai 
magnetio fieid, adding 
a ioopy pattern on top 


“Now, when I look 
around my flat, I 
Imagine delicate 
magnetic field lines 
running through It, 
and through me” 

of the Earth’s magnetio 

baokground. The needie spins around eaoh knife, showing that something 
magnetised it in the past and it’s never iost that magnetism. The pattern 
from the iron sauoepans is aii over the piaoe, and it’s the same for my 
tabiet oomputer, battery-powered oiooks, piug sookets, the teievision 
and my keys. A bit more investigation shows that the metai ruier aotuaiiy 
has quite a oompiioated magnetio fieid - it ohanges direotion every few 
oentimetres. But magnetio fieid strength drops off very quiokiy with 


There are magnetic patterns 
all around your house, and you 
just need a compass to find them 


distanoe, so eaoh objeot only adds small twirls and twists to the overaii 
pattern. My neodymium magnets in the eorner are the magnetio giants in 
the room, their infiuenee extending out for 30om or so from the bookease. 

And this is just the fixed magnetio patterns. The aiternating ourrent 
running through the wires in the waiis is generating its own magnetio 
pattern, but sinoe it’s ohanging direotion 50 times eaoh seoond, my 
oompass oan’t move fast enough to show it. The push of a ohanging 
ourrent iike that on a permanent magnet oan make the magnet spin as it 
tries to keep up - that’s aii an eieotrio motor is. 

So now, when I iook around my fiat, I imagine deiioate magnetio fieid 
iines running through it, and through me. Their straight fiow is being 
souipted into whoris by temporariiy magnetised iron and by eieotrio 
oomponents and oirouits. None of it is harmfui to us. But the most amazing 

thing of aii is the eomparison 


DR HELEN CZERSKl is a physicist, 
oceanographer and BBC science 
presenter whose most recent 
series was Super Senses 


between this minusouie oompass 
needie, and the vast pianetary- 
soaie magnet that it deteots. It’s 
suoh a simple way of mapping out 
our magnetio worid! ■ 
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Discoveries 


NEUROSCIEKCE 

□ PATENTLY OBVIOUS with James Lloyd Remote-coiitrolled roaches 

Inventions about to change your world 


Fragrant flavours 

j DRINKING WATER MIGHT be better 

I for us than fruit juice or fizzy pop, 

I but sometimes our taste buds yearn 
for something with a iittie more 
flavour. The Right Cup is a scented 
vessei that tricks your brain into 
thinking you’re drinking flavoured 
water. The fruity scent - choose 
from iemon-iime, orange, mixed 
berry or appie - is added to the 
piastic cup during manufacturing, 
and your brain mistakes the scent 
for flavour. This approach means 
you’re not consuming any sugars or 
chemicai preservatives. 

Patent pending 


It’s a dog’s life 


Calming computers 

THE NEXT TIME you’re sitting at 
your computer, quietiy seething as 
it does exactiy what you didn’t teii it 
to do, iet Biii Gates sort it out. 
Microsoft is patenting a system that 
detects when you’re stressed out 
and heips to caim you down. It 
might detect your ire by measuring 
the pressure you exert on your 
keyboard, iisteningfor expietives, 
or recognising the teii-taie features 
of an angry face. It wouid then try 
to soothe you - perhaps adjusting 
your room’s lighting, or telling you 
it’s time to take a walk. And breathe... 
Patent pending 


HERE’S SOMETHING 
that’s unlikely to make it to 
the top of many Christmas 
lists: cockroaches that can be 
controlled with a joystick. 

A team at Case Western 
Reserve University inserted 
tiny electrodes into the part 
of the insects’ brains that 
respond to antennal and visual 
stimuli. They then recorded the 
neuronal activity and filmed 
the insects’ movements. By 
making statistical links between 
movements and spikes in 
neuronal activity, they were 
able to figure out the signals 
associated with the insects 
walking at different speeds and 
changing direction. 

They then passed electrical 
currents through these same 
electrodes, turning the insects 
into remote controlled roaches. 


insects’ antennae, rather than 
neurones inside the brain. 

“It’s like a joystick on the 
animal,” said researcher Joshua 
Martin. “We can control its 
direction and alter its speed.” 

The team believes that 
similar processes may exist 
in other animals. “It is highly 
likely that descending motor 
control such as this also resides 
in all legged animals, including 
us,” lead author Roy Ritzmann 
said. “So this kind of study, 
with the technical advantages 
that insects afford researchers, 
can help us to understand how 
movement is controlled in 
complex environments.” 

The cockroach’s control 
system could also prove to be a 
useful model for building self- 
driving cars and robots that can 
manoeuvre around obstacles 



WE’VE BEEN LIVING with man’s best friend for thousands of years, but we 
still struggle to understand our oanine friends. We often assume that a 
dog’s wagging tail is a sign of unbridled exoitement (“yay, walkiesi”), but it 
ean also signal fear (“keep that Rottweiler away from me!’’) or aggression 
(“this is my manor, sunshine, so do one”). 

Now, New York oompany DogStar has oreated a devioe that it hopes 
will translate your dog’s emotions. TailTalk is a small, unobtrusive sensor 
that fits around the dog’s tail, oonverting its wagging into a happiness 
rating that’s displayed on the aooompanying app. 

The devioe is based on sound soienoe, with researoh showing that dogs 
tend to wag towards the right when experienoing positive emotions, and 
towards the left when feeling anxious or upset. The app will use this 
information to oreate an emotional diary for your dog, revealing exaotly 
what makes Rover rejoioe or Fido feel frightened. 

Provisional patents issued 


Similar experiments in the 
past worked by stimulating the 

Experiments on cockroaches may 
help us learn more about motor 
function in all animals’ brains 


on their own, or for controlling 
drones, the researchers said. 
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Into the future 



STEPHEN BAXTER 

COSMIC CLINIC 

Staying healthy in space won’t be easy for future Martians 




UkUUk I 


A utumn saw the release of The 

Martian, in which a stranded astronaut 
must improvise everything needed 
for his own survival. Today, agencies 
like the European Space Agency have 
offices dedicated to space medicine, and the 
International Space Station is serving as a test- 
bed for medical techniques in space. 

Before the first manned flights, there was 
speculation that humans might not be able to 
withstand space travel. In 1959, US psychiatrists 
theorised that a detachment from ‘Mother Earth’ 
might lead to suicidal ‘separation anxiety’. 

In fact, the first astronauts returned safely 
from their short hops into space. But longer 
missions, such as the two-week lunar journeys of 
the Apollo astronauts, revealed deeper dangers. 

Astronauts lose bone mass in zero gravity: in 
2009, the calcium washed out of astronauts’ 
bodies actually gummed up a urine recycler 
on the ISS. Sleep deficiency is common in an 
environment with no up or down, no night or day. 

Zero gravity even affects the shape of the human 
heart, causing it to become more spherical, which 
possibly causes problems with its efficiency. 

And there have indeed been some 
psychological problems. During the American 
Skylab 4 mission, the crew got so mad at mission 
control that they cut radio contact for a day. 

Long periods of isolation and confinement must 
account for some of this, but there is some 
evidence that an altered blood flow in the brain 
can lead to an impairment of mental function. 

Deep space missions 
carry additional hazards. 

Earth’s magnetic field 
shields people on the 
ground and in Earth- 
orbiting space stations 
from radiation from the 
Sun and more remote 
cosmic sources, but 
NASA estimates that a 
year-long flyby mission 
to Mars would expose 

astronauts to more than an acceptable lifetime dose of radiation. 
Solutions may include better shielding, medication and even the genetic 
treatment of the crew for radiation resistance. 

Medical emergencies are a hazard in deep space. An ISS astronaut 
could be returned to Earth within hours or days, but that option won’t be 
available to a Mars-bound crew. However, technologies enabling medical 
support in space are being developed. The May issue of Focus reported 
on a competition to design a ‘tricorder’, a tablet-sized device able to 


‘*An ISS astronaut 
could be returned to 
Earth within hours or 
days, but that option 
won’t be available to 
a Mars-bound crew” 


- ;/■ 
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Space explorers suffer 
different health problems 
to their Earth-bound friends 


diagnose a range of conditions. Meanwhile, a lightweight MRI (magnetic 
resonance imaging) scanner is being developed for the ISS. As well as 
being able to detect problems such as incipient tumours, the scanners 
could be used to measure the astronauts’ routine bone and muscle loss. 

As for surgery, even if an experienced surgeon were available, the lack 
of gravity would complicate everything about a routine procedure. 

A Nebraska company called Virtual Incision is pioneering a miniature robot 
surgeon, which could be inserted inside the patient’s body to perform 
quite complex surgery without the need for major incisions. 

As a living environment, space has long-term health challenges. On 
the other hand, an old dream of space pioneers was that the cosmos 
may actually be good for you. In 1968, Arthur C Clarke outlined possible 
advantages of zero gravity for burns victims and patients undergoing 

post-operative therapy, and spoke 


STEPHEN BAXTER is a science 
fiction writer who has written 
over 40 books. His iatest is 
Ultima, pubiished by Orion 


of the wildly speculative possibility 
that life expectancy could be 
improved if gravity were removed. 
A retirement home in Earth’s orbit? 
Sounds good to me. ■ 
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Discoveries 


MATERIALS 

Charging ahead with the future 




Winner in under-21 category: Emily Clements 



S ICK OF WAITING 

for your mobile phone 
to charge? A team of 
researchers from Stanford 
University think they’ve 
found a solution: they’ve 
created an aluminium-ion 
battery that can charge up your 
phone in just 60 seconds. 

The team of researchers, 
led by chemistry professor Dr 
Hongjie Dai, has developed 
a battery that offers many 
significant advantages over 
the conventional lithium-ion 
batteries used in many gadgets 
and today’s electric vehicles. 
Let’s take a look at what makes 
the Stanford aluminium-ion 
battery such an important 
breakthrough. 

The aluminium-ion battery 
is flexible. The Stanford team 
placed the aluminium anode 
and graphite cathode, along 
with an ionic liquid electrolyte, 
inside a polymer- coated pouch. 
The battery is supple, but it 
is also non-flammable - you 
can find evidence of the team 
drilling a hole through the 
pouch to demonstrate that it 
doesn’t catch on fire. And even 
more impressive is that the 
power lingers for a few seconds 
after the hole is made. It’s also 
relatively inexpensive and more 
environmentally friendly than 
typical AA and AAA batteries. 

“Millions of consumers 
use 1.5 -volt AA and AAA 
batteries. Our rechargeable 
aluminium battery generates 
about two volts of electricity. 
That’s higher than anyone has 
achieved with aluminium,” 
said Dai. “We accidentally 
discovered that a simple 
solution is to use graphite, 
which is basically carbon. In 
our study, we identified a 
few types of graphite material 
that give us very good 
performance,” he added. 

“The electrolyte is basically 
a salt that’s liquid at room 
temperature, so it’s very safe,” 


explained Stanford graduate 
student Ming Gong. 

Though the battery only 
generates around two volts of 
electricity, which is around 
half that of a typical lithium- 
ion battery, the researchers are 
confident they can improve on 
this. “Improving the cathode 
material could eventually 
increase the voltage and energy 
density,” said Dai. 

So how are aluminium-ion 
batteries better than lithium- 
ion? Despite its overall 
advantages, lithium-ion has its 
drawbacks. It’s delicate and 
needs a protection circuit to 
maintain safe operation, which 
limits the peak voltage of each 
cell during charge and prevents 
the cell voltage from dropping 
too low on discharge. 

Lithium batteries, as well 
as standard alkaline ones, are 
toxic and must be disposed 
of with care. Billions of small 
lithium batteries power the 
assortment of gadgets that we 


can’t live without. Replacing 
them with aluminium 
batteries would eliminate the 
environmental risk. 

Since the aluminium-ion 
battery weighs more than a 
lithium-ion one, and since at 
the moment it doesn’t have 
enough power to keep a phone 
running, it’s improbable for it 
to be in any device for the time 
being. Perhaps, in the near 
future, science will catch up 
with the idea. 

Perhaps the aluminium-ion 
battery may be deployed on 
the electricity grid one day. 

It might be the perfect fit to 
provide balancing and reserve 
power to the electric grid, in 
essence buffering the ever- 
present gap between supply 
and demand. This application 
requires high-power batteries 
with the capability to charge 
and discharge many times 
without failing. 

In 1859, the French physicist 
Gaston Plante invented the first 


rechargeable battery. It was 
based on lead acid, a system 
that is still used today. The 
very first attempt to develop 
the Li-ion battery pack began 
in 1912 by an engineer named 
GN Lewis, but it wasn’t until 
the 1970s that the first non- 
rechargeable lithium battery 
packs became commercially 
accessible. 

In the past hundred years we 
have transformed everything. 
Technology is advancing faster 
than ever. In the last 50 years 
we have achieved things that 
many thought impossible just a 
couple of hundred years ago. 

Everything has a battery 
these days - but today’s battery 
is a toxic hazard. Maybe the 
aluminium-ion battery will 
be the eco-friendly, cheap to 
produce, high performance 
future of batteries. 


EMILY CLEMENTS is 14 years old 
and is currently a student 
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Channaandrao 


Protobothrops himalayansus 




Musamarkkui 


Elachura formosa 


Six-yeeir survey discovers over 200 new species 


A BLUE-EYED frog, a bejewelled 
snake and a walking fish 
are among the new species 
discovered in the Eastern 
Himalayas, an area that covers 
parts of northeast India, Bengal, 
Nepal, Bhutan and Tibet. 


The findings come in a report 
published by the WWF following 
a six-year survey of the region s 
biodiversity. The species 
found include 133 plants, 39 
invertebrates, 26 fish, 10 
amphibians, one bird, one reptile 


and one mammal. Among them 
were Leptobrachium bompu, 
a frog with strikingly blue 
eyes and black vertical pupils: 
Channa andrao, an air-breathing 
snakehead fish that can survive 
on land for up to four days and 


can cover quarter of a mile 
by wriggling over wet 
ground: and Protobothrops 
himalayansus, a lance-headed 
pit viper that is so gem-like 
it could pass as a carefully 
crafted piece of jewellery. 
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PHYSICS. 


RELATIVITY 



One hundred years ago, Albert Einstein wrote a 
groundbreaking theory that transformed physics 
forever. But are there any chinks in its armour? 
Marcus Chown delves deeper 


T THE HEIGHT of WWI, in November 
1915, German physicist Albert Einstein 
published a revolutionary theory of 
gravity. Not only did General Relativity 
show that Isaac Newton, arguably the 
greatest scientist to have ever lived, was 
wrong, it predicted black holes and that 
the Universe had been born in a Big Bang. It even showed, 

, at least in principle, how to build a time machine. 

The key thing Einstein recognised is that, in any small 
region of space, gravity and acceleration are the same 
thing. He came to this conclusion after considering 
Galileo’s 17th-Century observation that all bodies, 
irrespective of their mass, fall at the same rate under 
gravity, hitting the ground at the same time if dropped 
from the same height. How could this be? 

Einstein imagined a spacecraft far away from the Earth, 
which is accelerated at Ig. If an astronaut inside lets go of a 
feather and hammer from an identical height, the floor 
accelerates up towards them at Ig and both objects hit the 
floor at the same time. If the windows are blacked out and 
the astronaut doesn’t know they are in space, they might 
conclude they are experiencing gravity on Earth. 

Einstein deduced that we feel gravity because we are 
accelerating. We do not realise it - and this is the 
incredible part - because matter warps the ^ 


WHAT IS GENERAL 
RELATIVITY? 

The General Theory of Relativity 
describes how mass and energy 
cause the fabric of space-time to 
warp, giving rise to what we perceive 
as gravity. This theory built on Albert 
Einstein's earlier Special Theory of 
Relativity. Both theories are based on 
the idea that the laws of physics act 
in the same way everywhere and that 
the speed of light is constant. From 
this starting point, Einstein deduced 
that as everything is moving relative to 
everything else, different viewers see 
the same event differently. This 
is where the theory gets its name. 
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PHYSICS 


Cm four- dimensional space-time it sits in. There 
is a valley we cannot see in the space-time 
around Earth. Our 'natural’ motion is to take the 
shortest path, or the path of least resistance, 
through space-time - that is, to fall to the bottom of 
the valley. The Earth’s surface obstructs us, 
pushing back. This is how we experience gravity. 

In a nutshell, this is General Relativity. As 
theoretical physicist John Archibald Wheeler said: 
“Matter tells space how to curve. And curved space 
tells matter how to move.” The theory has passed 
every test in the past century, predicting and 
explaining phenomena beyond the scope of 
Newton’s theory. But it is known to break down in 
the 'singularity’ at the heart of a black hole and in 
the Big Bang. So physicists are searching for a flaw 
that points the way to a deeper, more fundamental 
concept that will fill in the gaps of Einstein’s 
theory. One key prediction that has yet to be 
confirmed is the existence of gravitational waves... 


CATCHING WAVES 

Gravitational waves are ripples in the fabric of 
space-time, which spread outwards from an 
accelerated mass like ripples on a pond. The 
problem is that space-time is about a billion billion 
billion times stiffer than steel. This means it takes a 
lot to vibrate it and create gravitational waves. Only 
the most violent astrophysical events such as the 
birth or merger of black holes or the collision of 
super-dense stars are capable of causing vibration. 

On 27 November this year, the European Space 
Agency (ESA) will launch LISA Pathfinder, a 
mission to test the concept of a space-based 
gravitational wave detector. The idea of LISA, 



The LISA Pathfinder mission 
will test the concept of a 
space-based gravitational 
wave detector 



Left: Albert Einstein published 
his General Theory of 
Relativity in 1915 - the same 
year this image was taken 


which stands for Laser Interferometer Space 
Antenna, is to put a giant equilateral triangle in 
space, probably in 2034. The triangle will consist of 
three satellites, somewhere between one million 
and five million kilometres apart, bouncing laser 
light back and forth using mirrors. Think of the 
sides of the triangle as giant rulers. A passing 
gravitational wave is expected to alternately 
stretch space in one direction and squeeze it in a 
perpendicular direction, so the trick will be to look 
for subtle changes in the length of the rulers. ''We 
expect to be able to detect change as small as the 
width of an atom over millions of kilometres,” says 
LISA Pathfinder Project Scientist Paul McNamara. 

Gravitational wave experiments have been built 
on Earth, but background vibrations of the ground 
mimic real sources, making them blind to the lowest 
frequency of gravitational waves. Such waves should 
be detectable by LISA. In addition, there should be a 
'background’ of tens of millions of events caused by 
white dwarf- white dwarf binaries in the Milky Way. 
'Binaries’ are systems consisting of two stars, 
orbiting a common centre of mass. ''There is also a 
chance that a space-borne detector will be able to 
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GOING DEEPER 

The fact that General Relativity breaks down in the 
'singularity’ of the Big Bang and a black hole, where 
the density of matter skyrockets to infinity, is 
not very helpful in trying to find a deeper, 


directly measure primordial gravitational waves 
produced in the first split-second of 
the Big Bang,” says McNamara. 

“Electromagnetic waves allow us to 'see’ the 
Universe, whereas gravitational waves will allow us 
to 'hear’ it,” says McNamara. ''Imagine going to an 
orchestra recital and only being able to watch the 
musicians without hearing any sound... now turn 
on the sound... this is what it will be like when we 
start to observe the Universe with gravitational 
waves.” Prepare yourself for the cosmic symphony. 
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The South Pole Telescope is 
part of a global array called 
the Event Horizon Telescope 
that aims to study the black 
hole at the Milky Way’s centre 



PHYSICS 


O more fundamental theory. The hope is that 
General Relativity might reveal a chink in its 
armour in less extreme circumstances. This is the 
idea behind an Earth-orbiting experiment called 
Satellite Test of the Equivalence Principle, or STEP, 
which is seeking NASA funding. “If it gets the go 
ahead, it could fly in six years,” says Paul Worden, 
one of the originators of STEP in 1971. 

The 'Equivalence Principle’ is the fancy name for 
gravity being indistinguishable from acceleration 
so that all masses fall at the same rate. Since the 
principle is the foundation of General Relativity, it 
is a key place to look for an anomaly. Galileo is 
supposed to have dropped different masses from 
the Leaning Tower of Pisa, and Apollo 15’s 
Commander David Scott repeated the experiment 
- with a hammer and a feather - on the Moon in 
1971. STEP will suspend four pairs of 'test masses’ 
made of at least three different materials, such as 
beryllium, niobium and platinum-iridium, and see 
whether they move relative to each other. 

The masses will be inside a tank of liquid helium 
to insulate them from external temperature 
fluctuations and surrounded by a superconducting 

"Electromagnetic 
waves allow us to ‘see’ 
the Universe, whereas 
gravitational waves will 
allow us to ‘hear’ it’’ 



shell to shield them from electromagnetic 
interference. Microthrusters will counteract the 
atmospheric drag on the satellite, so the freefall of 
the test masses will be nearly perfect. 

The key to the experiment is that a satellite in 
Earth orbit is always falling away from its desired 
straight-line path but never gets any closer to the 
Earth because the Earth’s surface perpetually 
curves away from it. In other words, it is falling 
forever. This will enable small differences in the 
rate at which different masses fall to be magnified. 

The Equivalence Principle is known to hold to 
one part in a trillion, but STEP will better that by 
another factor of a million. All attempts to unify 
General Relativity with quantum theory involve 
new forces, which may affect different materials in 
different ways. “A violation is basically the 
discovery of a new force of nature, or something 
really weird,” says Worden. “If there’s no violation, 
at least to experimental accuracy, we can rule out a 
lot of theories of gravity but not Einstein’s.” 


THE ‘HOLE' STORY 

But General Relativity might be put to its 
toughest test within only a year or two. So far. 




YOU CAN SEE EINSTEIN ^ 
THEORY IN REAL LIFE' 



MASS 

The ‘Higgs field’ accounts for only about 1 ' 
per cent of your mass. 99 per cent is due to 
a relativistic effect. Specifically, the quarks 
that compose you are moving so fast they 
gain mass. Without Einstein, you would 
weigh only about 1kg! 

SUNLIGHT 

According to Einstein, mass is a form of energy 
and so can be converted into other forms of 
energy. This is what is happening in the Sun’s 
core, where nuclear reactions convert about 0.7 
per cent of the mass of hydrogen nuclei into heat 
and, ultimately, sunlight. 

GOLD 

An atom absorbs and re-emits light when an 
electron moves between orbits. The light’s 
. energy (colour) depends on the energy 
' difference between the orbits. Gold ought to 
' ^ appear silver, but its innermost electrons move 
so fast that they gain mass. This changes the 
light its atoms reflect, making it appear gold. 

THE UNIVERSE 

The distant Universe seen through telescopes 
is not actually there: it’s an illusion. The reason 
is that matter creates valleys in space-time 
which light from distant objects must negotiate 
on its way to Earth. The Universe is therefore 
distorted as if seen through frosted glass. 


SLUGGISH SATELLITES 

If you have a smartphone or a sat-nav, 
it calculates your location relative to a 
constellation of Global Positioning satellites. 
When these swing in close to Earth, they 
experience stronger gravity and their on-board 
clocks slow. This effect must be compensated 
for to calculate your location. 
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ENERAL RELATIVITY’S SUCCESSE 

THIS ISN’T THE FIRST TIME L:NWt£IN'S FAMOUS 
THEORY HAS BEEN PUTfO P TEST 



MERCURY MYSTERY 

According to Einstein, the gravity near the Sun is stronger 
than Newton would have predicted. This causes the elliptical orbit 
of Mercury to gradually change its orientation, it ‘processes’, 
which means the planet traces out a rosette-like pattern around 
the Sun. Before Einstein, this was such a puzzle that it led to the 
suggestion of a planet - Vulcan - tugging on Mercury. 


As light climbs out of the valley in space-time around a massive 
object like a star, it loses energy. This is equivalent to a reduction 
in its frequency and is known as a gravitational red shift, it has 
been observed in the light of dense, white dwarf stars, in 1959, it 
was even observed in light climbing up a 22.6m tower on Earth by 
physicists Robert Pound and Glen Rebka at Harvard University. 


av/tty 

Although gravitational waves have yet to be detected directly, they 
have been detected indirectly. In 1974, Russell Hulse and Joseph 
Taylor discovered two super-dense neutron stars orbiting each 
other. By observing the ‘binary pulsar’, or PSR B1913+16, they 
determined that the stars are spiralling together and losing orbital 
energy. This lost energy is exactly the amount Einstein’s theory 
predicts they should be radiating into space as gravitational waves. 


Einstein calculated that the gravity of the Sun would bend the 
trajectory of light from distant stars by twice the amount Newton 
would have predicted. The only way to observe stars close to the 
Sun is during a total eclipse when the bright solar disc is blotted 
out by the Moon. During the total eclipse of 29 May 1919, the 
English astronomer Arthur Eddington confirmed that the positions 
of stars were shifted, exactly as Einstein had predicted. 
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“An image would be 
a turning point in our 
understanding of blaok 
holes and gravity” 


Cj the theory has been checked only in situations 
where gravity is relatively weak. Nobody has 
tested it where gravity is strong - close to a black 
hole. That could all change when the Event 
Horizon Telescope (EHT) images the black hole at 
the centre of our Milky Way, probably in 2017. 

The EHT is an array of cooperating radio 
telescopes scattered around the globe. The radio 
signals recorded at each site are flown together and 
combined on a computer at Haystack, 
Massachusetts to simulate a giant dish the size of 
the Earth. The bigger the dish and the shorter the 
observing wavelength - EHT is using 1.3mm - the 
more it can zoom in on details in the sky. 

The trouble with black holes is they are very 
difficult to see. Stellar-mass ones are too small and 
the supermassive black holes in the cores of other 
galaxies, with up to 30 billion times the mass of the 
Sun, are too far away. Only one black hole is within 
reach - the one 26,000 light-years away at the 
centre of the Milky Way. Sagittarius A* as it is 
called, will be magnified in size by its own intense 
gravity. “It will appear as big as a grapefruit on the 
Moon viewed from Earth,” says EHT scientist Shep 


Doeleman of the Massachusetts Institute of 
Technology and leader of the EHT team. 

The key thing is to observe the black hole’s event 
horizon - the point of no-return for in-falling 
matter and light - and see whether it behaves as 
predicted by Einstein or even whether it exists. 
Stephen Hawking suggested it might not. This will 
test Einstein’s theory in the realm of strong gravity, 
where it has never been tested before. “An image 
would allow us to test General Relativity at the 
black hole boundary but, just as importantly, it 
would make the case for the existence of black holes 
as solid as it is ever likely to be,” says Doeleman. “An 
image would symbolise a turning point in our 
understanding of black holes and gravity.” 

Doeleman is being modest. It is possible that the 
first image of a black hole event horizon will be an 
iconic image to rival the Apollo 8 image of the 
Earth rising above the Moon. 

In the world of science, 100 years is an awfully 
longtime. Countless theories have been proposed 
since Einstein published his famous paper, with 
many of them turning out to be nonstarters or dead 
ends. After a century of extraordinary success, it 
still remains to be seen how far the General 
Theory of Relativity can be stretched before 
reaching its breaking point. Could its time be 
finally up? After all, even Einstein viewed the 
theory as being incomplete. If STEP, LISA or the 
EHT are able to find even the tiniest hole in its 
venerable armour, scientists could be on the brink 
of formulating a new theory of gravity, or maybe 
even making the first tentative steps towards the 
elusive Theory of everything’. ■ 


MARCUS CHOWN is a science writer and author of 
What A Wonderful World: Life, The Universe And 
Everything In A Nutshell 


DISCOVER MORE! 

The Infinite Monkey Cage will be featuring a guide to 
General Relativity - check Radio Times for details 


Above: The Apollo 8 image of 
Earth taken from the Moon is 
pretty iconic - but a photo of a 
black hole event horizon could 
be even more impressive 
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Invasive lionfish are wreaking 
havoc on the reefs of the western 
Atlantic and the Caribbean. So 
what can we do? Well, we could 
eat them, says Helen Scales 

W HILE SCUBA DIVING on the coral 
reefs surrounding Abaco Island in 
the Bahamas, I spy a lionfish 
fluttering in the distance. These 
graceful animals, with their shroud 
of venomous spines, normally live on 
the other side of the world. But here they’re 
considered to be menacing pests. I watch the 
creature hovering in front of me and feel strangely 
conflicted - it is beautiful, but it has to go. It doesn’t 
flinch as my dive buddy skewers it with a long 
metal spear. This lionfish will be cooked and eaten, 
and conservationists are encouraging other people 
to tuck in to the tasty fish in an attempt to control 
the spread. But some are also trying to persuade 
other fish-eaters to get in on the act, including 
those most toothsome predators: sharks. 


INVASION OF THE SEAS 

Experts blame the lionfish problem on the pet 
trade. It most likely began when captive fish - 
perhaps as few as 12 individuals - were released 
from aquariums in Florida. When those founding 
fish began to proliferate, people got worried. 
Lionfish are skilful hunters with enormous 
appetites. In their new territories they started to 
gorge themselves on numerous species of smaller 
fishes and invertebrates, some of which were 
already threatened before the arrival of the 
invaders. The concern was that the lionfish could 
strip coral reefs bare, devastate local ecosystems, 
damage tourism and impact local fisheries in one 
fell swoop. There was little time to investigate the 
matter before lionfish scattered far and wide. 

In 2007, a single lionfish showed up in a group of 
remote Cuban islands called the Gardens of the 
Queen. Divers flocked to photograph the fish, but it 
wasn’t alone for long. “Within a matter of weeks we 
had 10 places where we could see lionfish,” says 
Cuban marine biologist and diver Andres Jimenez 
Castillo. “Now they are everywhere.” 

Lionfish are formidable invaders. They can 
spawn throughout the year and just one female can 
release up to 30,000 eggs every four days. These 
floating clumps of eggs ride ocean currents for up 
to a month, drifting hundreds or even thousands of 
miles before they hatch and form a whole new 
generation of lionfish. 


KNOW YOUR ENEMY 



Around 18 venomous 
spines are present on 
the animal’s fins 


Clever camouflage 
allows lionfish to 
ambush prey 


Lionfish eat 
as many as 
70 different 
species 


ONE FEMALE CAN RELEASE UP TO 



EVERY 4 DAYS 




One lionfish can consume 20 fish in half an hour 


LIONFISH SPREAD 
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Lionfish measure up to 48cm in length and occur at much higher densities in their invasive range than their native habitat 


O As the lionfish swept through Cuban reefs, 
Castillo and his colleagues began to notice 
that fewer were spotted at dive sites where there 
were lots of sharks. They wondered if perhaps the 
sharks were eating lionfish and landed on the idea 
of giving them a helping hand. 


A SEARCH FOR SOLUTIONS 

The native range of the lionfish stretches 
throughout the Indian and Pacific Oceans. Here, 
they are hunted by groupers and sharks. In the 
Caribbean, however, predators aren’t used to seeing 
the spiny fish and don’t seem to hunt them. 
Nevertheless, when they were offered a lionfish 
on the end of a diver’s spear, the Cuban predators 
soon caught on. 

Castillo saw that groupers, especially the metre- 
long Nassau groupers, quickly learned to grab 
lionfish from his spear and swallowed them whole, 
spines and all. They even started following divers 
around and hovering expectantly next to lionfish, 
apparently waiting to be fed. In contrast, the sharks 
have been more reluctant. “You can see they don’t 
like it,” says Castillo. Sharks tend to pick at a dead 
lionfish, spitting it out repeatedly and turning it 
around in their mouths before trying to swallow it. 


“There is evidence to suggest that 
another predator is effective in 
reducing lionfish numbers: humans” 

So will sharks help to control numbers of the 
invasive lionfish? It’s debatable whether they will 
get a taste for this exotic prey and start hunting 
lionfish of their own accord. 

It could be too late for sharks to leave their mark 
on the lionfish invasion. Some scientists think that 
if Caribbean reefs hadn’t been heavily overfished 
by the time lionfish came along, the invasion might 
not have been so bad. Perhaps healthier populations 
of predatory fish could have helped stop lionfish in 
their tracks. One study conducted in the Bahamas 
supports the theory that reefs with higher densities 
of predators had fewer lionfish, as Castillo saw in 
Cuba. But not everyone agrees. 

“A lot of people think predators are the solution,” 
says John Bruno, a marine biologist from the 
University of North Carolina and co-author of a 
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Lionfish University photographed this grouper eating an invasive iionfish 


A three-pronged spear prevents the iionfish siiding down the poie and injuring the diver 


Sharks don’t seem to recognise the iionfish as prey 




region-wide lionfish study. His team’s research 
paints a different picture. On 71 reefs, from the 
Bahamas to Belize, they found no relationship 
between the density of lionfish and native 
predators. What they did find was evidence to 
suggest that another predator is effective in 
reducing lionfish numbers: humans. Bruno and 
colleagues consistently saw lionfish in lower 
densities inside marine protected areas - not 
because of abundant sharks, but most likely because 
reserve managers organise regular culls. 

Lionfish derbies have become popular across 
Florida and the Caribbean where divers compete to 
catch as many lionfish as possible on a single day, 
from dawn until dusk. Cash prizes are up for grabs 
for catching the smallest and largest lionfish. The 
numbers caught can be staggering. During the 2013 
derby on Green Turtle Cay in the Bahamas, 62 
divers brought back 1,204 lionfish. Lionfish have 
venomous spines that can cause extreme pain, 
nausea and breathing difficulties in humans. Once 
these spines have been removed, however, the fish 
can be filleted just like any other fish. In Cuba, 
though, eating lionfish is something Castillo no 
longer gets to do. 

“It’s very hard for us to catch them for food,” he 
explains. “The sharks don’t allow us to leave the 



water without giving them the lionfish we’ve 
caught.” With the situation getting potentially 
dangerous, Castillo has stopped hunting lionfish to 
feed to local sharks. Other conservation groups, 
such as Florida-based Team Frapper, are trying 
another tactic and are attempting to design 
lionfish-specific traps to capture the invaders. 


Lionfish can be safeiy cooked and WHAT N EXT? 

eaten, once the venomous spines ^ r i r i i • 

have been removed Plenty of unknowns remain in the unfolding story 

of the lionfish invasion. Their appetite for native 
fish is proven, but the effect this has is contentious. 
One study in the Bahamas showed that from 2008 
to 2010, local fish populations crashed by 65 per 
cent as lionfish increased. Elsewhere, effects have 
been harder to find. One thing most experts agree 
on is that lionfish are in the western Atlantic for 
good. As other invasive species have shown, there’s 
little chance of eradication. We may just have to 
wait and see the long-term effects of the invasion. 
But until then, if you see lionfish on the menu in the 
Caribbean, why not give it a try? ■ 


HELEN SCALES is a marine bioiogist, author and 
broadcaster whose iatest book is Spirals In Time 
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According to a new report, 
advances in artificial intelligence 
and robotics mean that soon, most 
of the jobs we do today will be 
automated. Will that leave us jobless, 
or will it free us from the 9 to 5? 

Russell Deeks finds out 


i 
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ARTIFICIAL INTELLIGENCE 




Google has put its self- 
cffiwg equlpmefli Into 
fl rmbet ol iliftefen* 
car brands 


THERE IS NO doubt in my mind that in the next 10. 20, 50 
years, most of the jobs that we know today are going to 
disappear, beoause it wiii be oheaper, quioker and 
far more effioient to have those tasks oarried out by 
robots and artifioial intelligence. But as I see it, the huge 
wave of disruption that’s coming presents humanity with 
a great opportunity. 

The kinds of disruption I’m talking about are aiready 
happening - in many cases, without peopie even reaiising 
it. Take driveriess cars: to most peopie they stiii seem 
futuristic, but they’li be on the road in most parts of the 
worid by 2020, and by 2030 human-based cars wiil be 
outiawed in many cities, no question. The Bay Area in San 
Francisco aiready has driveriess buses on certain routes. 
So peopie need to wake up and start thinking about how 
many miiiions of peopie around the worid are empioyed in 
driving things - because that’s aii gone in 10 years’ time. 

You can aiso iook at the catering industry, where many 
restaurants are using digitai ordering via an iPad rather 
than a human waiter, and the hotei industry, where the 
Savioke robot butier brings toweis to your room. Robots 


HERE’S BEEN MUCH talk 
lately of an 'existential threat’ 

T from artificial intelligence 
systems, particularly those 
embedded within robots. 
Make machines smart 
enough, goes the theory, and 
they’ll soon realise that they 
could run Planet Earth a lot more 
efficiently without those pesky, 
meddling humans. 

But while such a future 'singularity’ may be a 
terrifying prospect, it’s also not likely (most experts 
agree) to happen any time soon. Meanwhile, there’s 
another, slightly more prosaic question that’s often 
overlooked: never mind robots destroying our 
species, what exactly are we going to do when 
they’ve taken all our jobs? 

That’s the question we’ve invited a group of AI 
and business experts to discuss. We were struck by 
Appvance CEO Kevin Sur ace’s recent TED talk, in 
which he paints a compelling picture of a future in 
which none of us have to work and we’re all free to 
dedicate our lives to art and education. Over these 
pages, Kevin expands upon his ideas, while AI 
experts Mateja Jamnik from the University of 
Cambridge and Andrew Lea of the British 
Computer Society discuss whether the current 
state-of-play in AI research matches up 
with Kevin’s vision, and Jon Andrews 
of management consultants Price 
Waterhouse Coopers (PwC) offers a 
view from the business world. 

As you’ll discover, there’s no broad 
consensus on how new 
technologies will impact upon 
our working lives. But all our 
experts agree on one thing: 
the times, they are definitely 
a-changin’... 
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like Savioke will soon be able to deliver your food, too, 
while kitohen proeesses are beeoming so automated that 
in the next five years you’ll see burger outlets aotively 
touting the faot that no human has touohed your food. 

And it oan be oustom-made for you, at a quarter the prioe 
of the hamburger joint aoross the street... that will take 
off, no question. 

Those are the easy examples we oan point to right 
now. Dootors are the ones people laugh at, but there are 
already robots run by dootors today: you oould take the 
same robot, run it by a oomputer and it would do a better 
job. You oan program the oomputer for every possible 
situation that oould ooour in the human body, and it will 
make all the trade-offs in 10 milliseoonds that a dootor 
would take a minute to make. You’re already dead by 
then! It’s only really the FDA that’s stopping us from doing 
oomputerised surgery already - it’s not a teohnology 
problem any more, it’s a regulatory problem and a 
psyohologioal one. 

So all these things are happening already, and our 
world is going to ohange drastioally. 



CHANGE ISA-COMING 

We’ve seen this situation before, of oourse. In the 
agrioultural age, over 90 per cent of the population 
worked in farming. They couldn’t imagine what would 
happen if most of their jobs were taken over by machines. 
Today, just 1.5 per cent of people in the US work in 
agriculture, and the rest found jobs elsewhere - making 
the machines and doing other things. So we were able to 
reinvent jobs in the past, including when manual labour 
was taken away. We did manage to break through those 
walls, but from one side of the wall no-one could ever see 
what lay on the other side. 

The difference, though, is that now we’ve got machines 
that can take over virtually every manual task, and 
they’re beginning to take over many mental tasks, 
too - all at higher quality and lower cost. So that does 
make us ponder what seven billion people on Earth will 
do with themselves. It could be that learning becomes 
more valued, and that’s how you earn a living... or it 
could be that the concept of ‘earning a living’ itself is in 
fact outmoded, that there’s a different kind of utopia. 

In my TED talk I suggested that we could enter a new 
Renaissance, where work in the traditional sense is not 
what’s valued any more, but there’s great value in art. 

Some people have said that’s a ridiculous dream, or 
that the only people who’ll have jobs will be the robot 
overlords. I prefer to think that, as humanity moves 
forward, there’ll come a time where humanity learns to 
take care of itself in a new way. But everybody needs to 
wake up to the fact that this is coming. Little by little, jobs 
will be taken from people, and we need to start thinking 
about what those people are going to do. There’s about 


Above: In Canada, some 
restaurants allow guests 
to place their food orders 
digitally - could this be the 
end of waiting staff? 


Right: The Savioke robot 
distributes towels in hotels 
and can even navigate 
between floors 


20 per cent of people in any society that can only really 
do manual labour, and we probably can’t teach them to 
program computers. So what will these people do? What 
can we all do so that we’re contributing in a new way, and 
what will those contributions be? 

There are still certain barriers to all this, of course. 

One barrier that’s been overcome 
already is cost: it’s now 
cheaper to manufacture 
goods using robots than 
with Chinese labour, which 
is among the cheapest in 
the world. But there are st II 
big steps forward needed 
in the field of Al, and there 
have to be breakthroughs 
in societal norms, too. In 
fact, the latter could be 
the biggest hurdle. But 
these changes are definitely 
coming: not next year, but 
not in 100 years, either. 

We’re looking at 10 or 20 
years down the line... 50 
at the most. 

What’s just over the 
horizon isn’t necessarily a 
techno utopia - it could 
turn out to be a techno 
nightmare. But it /s the 
techno future, and we 
need to be having these 
conversations now. 
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HAVING GONE THROUGH a 40-year Al winter’ 
after too many inflated promises were made in the 
1970s, artifioial intelligenoe is getting aeademios and 
industrialists exoited onoe more. Google, for instanoe, 
reoently purohased the Al oompany Deep Mind for 
a reported $400m, and is also developing a driverless 
ear, while Amazon is investing heavily in the drone 
delivery system. 

With news stories about drones oarrying our 
pareels, and humanless faetories in Ohina, it’s not 
surprising that many people are oonoerned about 
what is going to happen to their job. The most 
pessim^stte studies predict that as many as 47 per 
oeni of jobs Will disappear tn the next 20 years. SOr 
will robots replace us and take all our fobs, doing them 
better, faster arxl cheaper to boot? 

I don't think they will - but they wilt change the 
way wa work- The artihcial intelligence systems of 
the future will have a profound effect on what we do 
and how we do it, much as the Industrial Revolution 
affected manual jobs of the 19th Century, and the 
digital revolLrtion transformed communication In the 
2Dth Century. 

A lot of repetitive, menial work wHl disappear and 
be replaced by automated robots. But this is no bad 
thing: many of those jobs are souklestroyingand 
often injurious to health, and there's a shortage of 
people who want to do them. Potentialjy threatened 


jobs might include factory workers, accountants, postal 
workers and human translators, to name a few. 

But the main drive in artificial intelligence is to develop 
smart systems that will work with people. Big data, 
machine learning and super-computing power enable 
systems to find patterns far quicker than humans can. At 
the same time, we are developing systems that are getting 
better at cognitive tasks. In my own work. I’m modelling 
human intuitive reasoning, in particular with visual 
information, to enable machines to discover and learn new 
knowledge. I’m essentially humanising computer thinking. 

I see the future in the hands of human experts, but 
heavily supported and helped by intelligent systems that 
are becoming more accurate all the time. Machines will 
assist and collaborate with humans to enable them to 
work more effectively as well as do things that are beyond 
human capability alone. In biomedicine, for example. 
Intelligent systems can exploit multr source big data 
to build models of complex patient cases with lots of 
co-occuiring medical conditions. 

However, as intelligent systems become ubiquitous, 
many ethical and safety Issues arise. For example, who 
takes responsibility for a wrong or harmful decision by a 
computer program? While we have significant evidence 
that software can sometimes be more reliable than 
humans in making crucial decisions. I think that for the 
foreseeable future these systems will mostly be designed 
to collaborate with human experts, not replace them. 
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AUTOMATION THROUGH THE AGES 



The spinning jenny was invented in 1765 
and was still in use in the 20th Century 


lusnismii 


The first electronic computing machines 
emerged in the 1940s, with the 
programmable, all-digital Colossus machine 
at Bletchley Park arguably the first modern 
computer. By the early 1950s they were 
finding their way into offices, and as 
computing technology has continued to 
evolve over the years, they’ve taken on more 
and more previously ‘human’ tasks. While 
this has led to mass redundancies at times, 
the birth of computing has also created 
entire new industries. 


[RS 


Until the mid-18th Century, goods 
were manufactured by hand in small 
workshops, often in people’s homes. 

The invention of the steam engine, 
the spinning jenny and machine tools 
changed all that, leading to the large- 
scale mills and factories we’re used to 
today. But the new technologies weren’t 
popular with everyone, and in the early 
19th Century the Luddites in northern 
England took to sabotaging the machines 
that were taking away their jobs. 



Operating a mainframe computer in the 1960s 
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In 1961, a programmable 
robot arm designed by 
George Devol and Joseph 
Engelberger was given the 
job of welding diecast parts 
onto automobile bodies on 
a General Motors assembly 
line in New Jersey. ‘Unimate’, 
as it was called, was the 
first production-line robot 
and paved the way for the 
widespread automation of 
manufacturing processes 
that took place in the 1970s 
and 80s and continues to 
this day. 


m CENTURY AD 

Heron of Alexandria 
builds human- 
shaped automata 


1941 


Isaac Asimov’s 
short story Liar! 
introduces his Three 
Laws of Robotics 

1951 — 

Chess and draughts 
programs run on 
the Ferranti Mark 
1 computer at 
Manchester University 

1959 - 

MIT founds its 
AILab 

1979 — 

Backgammon- 
playing program 
BKG defeats the 
world champion 


1997 


Deep Blue 
supercomputer 
defeats chess 
champion Garry 
Kasparov 

1999 

Sony starts 
selling the AiBO 
‘robot dog’ 


2005 


Ray Kurzweil 
predicts machines 
will be smarter than 
humans by 2045 

2011 — 

Siri, Google Now 
and Cortana launch 


- 1941 

Konrad Zuse 
builds the first 
programmable 
computer, the Z3 

— 1950 

Alan Turing proposes 
‘the Turing test’ to 
measure computer 
‘intelligence’ 


1956 


The term ‘artificial 
intelligence’ is used 
for the first time, 
at a conference at 
Dartmouth College 
in New Hampshire 

— 1961 

Unimation Unimate 
robot starts 
work at a General 
Motors factory 

- 1986 

First robot cars 
produced at the 
University of Munich 


1997 


The first RoboCup 
- a football 
tournament for 
robots - is staged in 
Nagoya, Japan 


2002 

The iRobot Roomba 
vacuum cleaner 
goes on sale 

- 2009 

Google builds its 
first self-driving car 

- 2015 

First robot-staffed 
hotel opens in Japan 
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ARTIFICIAL INTELLIGENCE 



This self-service McDonald’s 
machine in Manchester, UK, 
allows diners to order food 



, Bill com SBCim 


IF YOU WANT to discuss the impact of artificial 
intelligence on the world of work, you first need to look 
at what the phrase actually means. Artificial intelligence 
today consists of several discrete disciplines, resting 
on independent theories. A few current uses include: 
image recognition and neural nets for self-driving cars, 
optimised search algorithms, playing chess or planning 
routes, and recommendation engines in personal 
assistants. And there are many more. 

Just as particle physics is searching for a ‘theory 
of everything’, so Al lacks (but is generally not 
searching for) a ‘universal theory of thinking’. Having 
emerged from several decades in which Al was 
poorly regarded - partly due to failing to deliver on 
early over-expectations - Al is now finding practical 
applications. Insights emerging from such applied Al 
may eventually give rise to that theory of thinking. 

Today, special purpose machines can displace 
people from specific manual tasks (digging tunnels with 
shovels, or walking from here to there) but the tools 
(the diggers or cars) are still controlled by people. So it 
is with computers: they’ve displaced us from specific 
tasks (adding numbers), but still need people to drive 
the spreadsheet. Machines and computers need people 
to decide to do anything: that is, to supply the initiative. 
Perhaps a general purpose machine, able to displace 
us from our work, requires general purpose Al. 



Unexpected Item In the bagglng^^ 
area! We’re all familiar with the 
cryof these robots... 



The da Vinci 
surgical robot can 
carry out minimally 
invasive operations 



If SO, what capabilities would that Al need? It would need 
a flexible, temporally aware reasoning system, able to call 
upon the special purpose sub-systems above. It would 
learn through training (supervised learning) and experience 
(unsupervised learning). It would need first class language 
understanding, able to cope with humour, sarcasm and 
contradictions. Initiative and self-motivation may require an 
awareness of self, possibly giving rise to emotions and even 
ethics, Rnally, (i may be sMe to program Itself. 

There are two possible routes to this Wnd of Al. Firstly, 
developing a theory of thinking and then engineering it. 
Secondly, settingup environments In which Al evolves 
through natural selection, without us understanding how 
It works - just as we don't understand how we ourselves 
think. !t might sound far-fetched but this discipline, generic 
grogremming. already esttsts. 

An Al capable of these feats could pass a strong version 
of the Turing test: It could be given the rules of a new game 
bi spoken English, and play it. It could decide to read this 
article, disagree with it, become bored and stop. But Al of 
that level - the kind of Al that might put us all out of work - Is 
still some way down the line. 
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LAST YEAR, PWC produced a report entitled The Future 
Of Work: A Journey To 2022. It draws on five years of 
research and points to three potential future trends: a 
‘blue world’ of huge corporations built on an employee 
base that works for them their whole career: an ‘orange 
world’ where most employment is on a freelance or 
short-term contract basis: and a ‘green world’ where 
a company is defined more by its corporate and social 
responsibility. All these scenarios are impacted by the 
digital revolution, and the pace of change is creating an 
unpredictable environment for employers and employees. 

With advances in robotics and Al, we will definitely 
see more automation - including automation of things 
that people wouldn't dream of being automated todey. 

But 1 don’t believe that work itself is suddenly going to 
disappear - we’ve been promised ‘the leisure society’ 
several times before and wa ne still waiting for our 
Jetsons-style flying cars! History teaches us that when 
machines take away the need for manual labour, other 
jobs spring up to fill the vacuum. For instance, maybe 
drones can fight wars for us now but you still need 
human beings to build and service them, as well as IT 
security experts to keep them safe from hackers. As 
okj Jobs start to vanish, new jobs emerge that we hadn’t 
previously imagined. 

Technology advances will also change how and where 
people work* I believe that technotogy will empowe" 
the rise of the portfolio career - people wiil have their 


own brands and sell their skills to those who need them, 
where they need them. And much of this work will take 
place virtually. 

That points to another change that’s coming: if we’re 
all going to live longer, then we’ll have to work longer, 
too. If somebody born in 2012 is going to live until they’re 
105, then they’ll probably have to work until they’re 85. 

It’ll be a different sort of career: people might retire in the 
middle of it, they might have more flexible working and so 
on. We could see the rise of the part-time pensioner. 

One thing is certain in this dramatically shifting 
world of work - change is coming, and there are lots of 
questions that both employers and employees need to 
start asking themselves as we prepare for world in which 
machines, artificial intelligence and human beings work 
side by side. ■ 


RUSSELL DESKS Is a freelance science and techno bgy 
journalist, and Contributing Editor at BBC Focifs 
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Find out if a robot will take 
GUOS your job at bit.ly/robotjob 
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Are Humans Wired for Music? 

Are we born with our sense of music? What gives mere tones such a 
powerful effect on our emotions? Why does music with a beat give 
us the urge to move and dance? How and why did musical behaviour 
originate? Music is intimately woven into the fabric of our lives, yet 
we still ponder these deeply puzzling and provoking questions. 

In the last 20 years, researchers have come closer to solving these 
riddles thanks to cognitive neuroscience, which integrates the 
study of human mental processes with the study of the brain. Join 
neuroscientist and Professor of Psychology Aniruddh Patel of Tufts 
University as he probes one of the mind’s most profound mysteries. 
Professor Patel has been lauded by scientists and musicians alike for 
his work in this groundbreaking field. Covering the latest research 
findings — from the origins of music’s emotional powers to the deficits 
involved in amusia — ^you will think about music and your brain in a 
new way. 

Offer expires 12/12/15 

TheGreatCourses.co.uk/6fs 
0800 298 9796 


Music and the Brain 

Taught by Professor Aniruddh D. Patel 

TUFTS UNIVERSITY 
LECTURE TITLES 

1. Music: Culture, Biology, or Both? 

2. Seeking an Evolutionary Theory of Music 

3. Testing Theories of Music’s Origins 

4. Music, Language, and Emotional Expression 

5. Brain Sources of Music’s Emotional Power 

6. Musical Building Blocks: Pitch and Timbre 

7. Consonance, Dissonance, 
and Musical Scales 

8. Arousing Expectations: 

Melody and Harmony 

9. The Complexities of Musical Rhythm 

10. Perceiving and Moving to a Rhythmic Beat 

11. Nature, Nurture, and Musical Brains 

12. Cognitive Benefits of Musical Training 

13. The Development of Human 
Music Cognition 

14. Disorders of Music Cognition 

15. Neurological Effects of Hearing Music 

16. Neurological Effects of Making Music 

17. Are We the Only Musical Species? 

18. Music: A Neuroscientific Perspective 


Music and the Brain 

Course no. 1181 1 18 lectures (30 minutes/lecture) 


( SAVE £30 


DVD ?^2.39 NOW £19.99 

+£2.99 Postage and Packing 

Priority Code: 110784 


For 25 years, The Great Courses has brought the world’s 
foremost educators to millions who want to go deeper into 
the subjects that matter most. No exams. No homework. 
Just a world of knowledge available anytime, anywhere. 
Download or stream to your laptop or PC, or use our 
free mobile apps for iPad, iPhone, or Android. Over 550 
courses available at www.TheGreatCourses.co.uk. 

The Great Courses®, Unit A, Sovereign Business Park, 

Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details. 
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Bristol will soon be home to one of the most advanced ‘smart 
city’ networks in the world. Russell Deeks investigates 
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T he city of Bristol is 

changing. Even as you read 
this, finishing touches are 
being put to a network called 
Bristol is Open that will put 
one of the UK’s largest cities 
- which also happens to be home to Focus 
magazine - among the most advanced 
'smart cities’ in the world. And it’s all 
happening because cable TV never really 
caught on in Britain. 

A decade ago, cable company 
Rediffusion invested heavily in building 
a system of ducts below the city streets, 
to house the cabling for its TV network. 
When that company folded, some bright 
spark at the city council - whose exact 
identity seems lost in the mists of time 
- realised that might be a useful thing to 
own, and purchased the ducting for the 
city. In the intervening years, it’s been 
used to connect up council offices across 
the city, and to enable the B-Open data 
sharing network that’s used for, among 
other things, providing Wi-Fi hotspots 
and enabling interactive public art 
installations. But now the whole system 
has been kitted out with superfast 144- 
core fibre optic cabling, and linked up to 
the BlueCrystal supercomputer at the 
University of Bristol’s Advanced 
Computing Research Centre. 

Paul Wilson, MD of the Bristol is Open 
project, takes up the story. “About five 
years ago, the Department for Media, 
Culture and Sport (DMCS) launched a 
funding initiative called Connected 
Cities. It was an ambitious project, but 
most of it just turned into the UK 









k 

^ 

— ^ 

. * 1 \ 

1 

1 % « 1 

■HI 1 1 


r - t ■ *?- i 

! i- 

- 

■ r ^ * 

Ik 

• * 



“Our netwgij^d^nlt^^ect to the 
internet... itl^laygrMlnSf where people 
can start buildin^he next internet” ~~ 


broadband roll-out. Bristol, though, 
maintained its desire to something more 
innovative, and build a software-defined 
network. Because the city owned the 
ducting, we could do something other 
cities wouldn’t be able to.” 

HOW IT WORKS 

Bristol is Open will consist of a number 
of elements, all interlinked and working 
together. Firstly, there’s the fibre optic 
network detailed above. There’s also a 
wireless network running along the 
'Brunei Mile’, a pedestrian route linking 
the city’s Temple Meads railway station 
and harbourside areas, which is now 
kitted out with, in Wilson’s words, “All 
sorts of wireless connectivity comprising 
3G, 4G, LTE... and 5G, which really just 
means 'new stuff’, experiments. We’re 
even trialling Li-Fi, wireless connectivity 
using light instead of radio waves.” 

And then there’s the 'mesh’ network, 
which sees 1,500 lamp posts across the 
city equipped with various sensors and 
connected via an RF4 radio frequency 
network. All three networks - cable, 
wireless and mesh - are in turn linked 
both to the BlueCrystal supercomputer, 
and to the planetarium at the At-Bristol 


science museum, which is taking on a 
new role as a data visualisation facility. 
It’s been upgraded with a dual-source 4K 
3D projection system that beams 1.6 
billion pixels per second onto its curved 
ceiling, and 7.1-channel surround sound 
- making it arguably the most advanced 
such facility in the world. 

As At-Bristol’s CEO Phil Winfield 
explains: “It’s the only stereoscopic, 
active 3D planetarium in the UK. To the 
best of my knowledge, it’s also the only 
4K-resolution planetarium in the UK - 
there are a few in Europe, but I believe 
we’re the only one in Britain. And it’s the 
only one in the world that’s linked into a 
supercomputer for data visualisation.” 

Which is all very impressive, from a 
technical point of view. But what’s it all for? 

WHAT IT CAN DO 

It’s perhaps easier, first of all, to list some 
of the things Bristol is Open won’t do. It 
won’t bring superfast internet to every 
home in the city, for instance. It won’t 
make Bristolians’ smartphones work 
better. And in case you were worrying, it 
won’t give local authorities access to 
unprecedented amounts of information 
about local citizens (see the adjacent box 
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IS BIG BROTHER 


WATCHING? 


'Is Big Brother watching?’ for more on 
privacy concerns). 

“If you look at Bristol is Open from a 
consumer angle, you could say 'What’s the 
point?’,” admits Paul Wilson. ''Because 
our network doesn’t connect to the 
internet, for example. It’s not about that 
- it’s a playground where people can start 
building the next version of the internet.” 

Bristol is Open is, indeed, best viewed 
as a kind of technological sandbox, a 
research and development facility and 
testbed where everyone from engineers to 
architects can experiment with new ways 
of connecting up the world. There will be 
new methodologies and protocols from 
which the city of Bristol can be the first to 
reap the benefits. 

The first aspect of the network to come 
online will be the dome. We’re guessing 
most Focus readers will probably have 
used Google Earth or Street View at some 
point. Well, now imagine being able to fly 
through a 3D rendering of a city, and 
zoom in on a particular building to pull up 
blueprints, wiring schematics and 
plumbing diagrams, or click on a 
particular street to see SD-rendered, 
animated infographics describing 
the street’s demographics, air 
quality, crime rates or average daily 


As soon as you start talking about big 
data - whioh is what Bristol is Open is 
really all about - it’s a small step, in many 
people’s minds, to Big Brother. With talk of 
sensor-equipped lamp posts and health 
monitoring via a state-oontrolled Internet 
of Things network, should Bristol oitizens 
be worried? 

Paul Wilson of Bristol is Open argues 
that they shouldn’t. “To anyone that’s 
worried I’d say: ‘What is it you think we’re 
able to do?’. We’re not seeing your phone, 
for example - unless you sign up to be 
part of something we don’t know anything 
about you at all. If you do ohoose to be 
part of some projeot, then yes, we might 
be getting some of your data. But it’s 
always an opt-in prooess.’’ 

We already know that the NSA and 
GCHQ are traoking our internet use and 
reading our emails, and that Google, Apple 
et al know our whereabouts at all times 
thanks to the GPS transmitters oalled 
smartphones we oarry everywhere we 
go. There’s not muoh Bristol is Open oan 
do to add to that. So if you live in Bristol 
and were ooneerned that one day next 
year, someone’s going to fliok a switoh and 
see all the photos on your phone, and be 
able to disoonneot your smart fridge if you 
haven’t paid your oounoil tax... don’t be. 


footfall. These are the kinds of advanced, 
highly intuitive 'data visualisations’ that 
Bristol is Open and the data dome will 
make possible. 

The planetarium’s 3D shows have been 
wowing audiences since April, and the 
first public demonstration of its data 
visualisation capabilities will take place 
on 18 November. Focus was lucky 
enough to attend an early demo 
back in August, and while this consisted 
simply of clips from the 3D planetarium 
show plus some 2D charts and maps, 
even that was mightily impressive. 

Eventually, the system will be able to 
take information from external sources 
and render it in 3D in real-time, enabling 
all manner of data to be displayed in an 
easy-to-comprehend format. Its second 
media server (the first being a 
planetarium-specific system called 
Digistar 5) is based on open-source 
software and compatible with popular 
packages such as the Unity game engine, 
to ensure maximum accessibility for those 
who want to make use of it. 

The dome will also be available for 
companies to lease out on a commercial 
basis - for 3D prototyping of new 
products, for instance. The client list 
remains confidential, but Rolls-Royce are 
already onboard and we do know that 
At-Bristol is talking to at least one 
major UK house builder. Such 0% 

partnerships will provide Bristol is 




Bristol is one UK 
city that will be 
testing driverless cars 
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Right: At-Bristol science 
museum has the faciiities 
to visuaiise data - iike this 
map of the city’s traffic 


Open with a valuable revenue 
stream, with the dome used for 
planetarium shows during the day, then 
hired out (when the council doesn’t need 
it) as a data dome in the evenings. 

“Then the next thing will be the mesh 
network,” says Wilson. “That will 
launch in April 2016, and what that 
means is you can bring a device and see 
it in the network. That could be 
anything from a mobile phone or a 
fitness tracker, which is a small thing, to 
a driverless car, which is a big thing. It’s 
going to be extremely useful as 
companies work to develop the Internet 
of Things, which is a key area of 
technological advance right now. 
Supposing you make 'smart’ 
thermostats, for instance. We think 
there are around 10,000 such devices in 
Bristol. Currently we’ve got about four 


hooked up to our network... but if you 
wanted to test how a network of 10,000 
of them might be able to work together, 
we can help you do that.” 

Looking at the mesh network from the 
city’s point of view, there are also the 
lamp post sensors. “We’ll be launching a 
project next year where we work with 
communities in Bristol, asking what 
problems they think exist in their area at 
an environmental level,” says Wilson. 
“We don’t know what those things will 
be yet - that’s why there’s a consultation 
process - but it could be air quality, it 
could be noise, things like that. And 
these are things we can put sensors in 
lamp posts for, so that we can monitor 
such situations on a city-wide basis, in 
real time. 

“Litter bins are another example,” he 
adds. “We could make every bin a smart 
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The City of Stockholm owns a network 
of fibre optic cables that run below the 
city. This is used by the local authority 
as the backbone that enables a number 
of cost-saving and environmental 
initiatives, such as the Green IT project 
and the e-Stockholm service management 
programme, and also by industry and 
academia working together to develop new 
IT technologies in the Kista Science City. 




In Santa Cruz, California, big data is helping 
to keep crime rates down. Computers 
analyse historical data to work out, at any 
given moment, the top 10 places a property 
crime is likely to occur. Police officers in 
the vicinity who are not engaged in an 
emergency are then automatically directed 
to patrol those locations. It’s an example of 
how having large quantities of granular data 
can help improve local authority services. 




WHAT CAN SMART CITIES DO? •))) 


The Amsterdam Smart City Initiative takes 
a different approach from the Bristol and 
Stockholm projects, in that it’s all entirely 
wireless-based. There are over 70 different 
projects that make use of the network, 
including systems for traffic management 
and providing more energy-efficient street 
lighting, and ‘serious games’ linked to 
domestic smart meters that aim to educate 
youngsters about reducing energy use. 


software instead: tliat way, you liave a 
teclinology- agnostic network, and witli 
tlie click of a mouse, you can reconfigure 
the network and automate certain things. 
So we’re able to provide connectivity on- 
demand wherever it’s needed, whatever 
it’s needed for.” 

“The way networks are built today,” he 
continues, “they were never built for an 
Internet of Things, and they’re already 
creaking. First we had physical computer 
networks, then dial-up over the phone, 
then broadband and mobile. But it’s been 
built out in a very linear fashion, and is 


constantly caught by surprise by the 
endless developments in technology. So 
what we’re doing is having a fundamental 
rethink of how you build a network for the 
future world. Where there’s a massive 
Internet of Things, and that leads you to 
build and manage the network in a 
completely new and different way. Our 
smart city here in Bristol will be one big 
use of that.” ■ 


RUSSELL DEEKS is a freelance technology 
journalist, and Contributing Editor of Focus 


bin, so that the people in charge of 
sanitation know when they’re full.” 

WHAT'S NEXT 

Looking further forward, Wilson says he 
can imagine all kinds of uses for the 
Bristol is Open network - from linking 
cameras in lamp posts to the city’s fleet of 
fire engines and ambulances so they can 
be sent to incidents before anyone’s even 
dialled 999, to traffic management, to 
keeping an eye on the health of isolated 
elderly citizens, to monitoring pollution 
levels, carbon emissions and energy 
consumption (for more potential uses, see 
'What can smart cities do?’, right). The 
phrase that Bristol is Open uses is 
“building an operating system for the 
city”. It’s early days yet, admittedly - but 
these are the early days of what could turn 
out to be the next big leap forward. 

“The really clever thing about our 
system is the way it’s all managed and 
controlled,” says Wilson. “That’s where 
what we’re doing is revolutionary - the 
rest is just sticking things in the ground 
and in lamp posts! At the moment, all the 
connectivity in networks is coupled in 
hardware, which is why if you switch 
ISPs, a man has to come to your house, 
take away your router and replace it with 
an identical-looking one from your new 
provider. But we’re putting it into 
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London’s Hackspace lab looks pretty Innocuous from the outside. 


Amateurs are altering DNA 
as a hobby. So who are 
they, and what are they 
up to? JV Qiamary meets 
the biohackers... 

ITHIN A TINY room in a north 
London basement, Ilya Levantis 
opens a tupperware containing 
what looks like a leftover 
takeaway. “Fashion designers 
these days get interested in this 
stuff,” he says, proudly showing off a 
rubbery pancake in a brown liquid. 

The “stuff” is kombucha, which is used 
to make fermented tea. It’s produced by a 
colony of microbes, the most important 
being Gluconacetobacter, which secretes 
strands of cellulose. Unlike material made 
by plants, a kombucha pancake is almost 
pure cellulose. When thin, it can be dried 
for paper, and used in wound dressings 
and high-end speaker cones. When thick, 
it’s tough enough for clothing. “Some 
people call it vegan leather,” says Levantis, 


a 2 5 -year- old graduate who works in 
bioinformatics. He can now do genetic 
engineering as a hobby. 

Levantis is director of Biohackspace, a 
laboratory that’s half the size of a garage in 


‘THE FIRST THIHGl 

■IWAMTTOPUYI 
AROUND WITH DNA 


the London Hackspace - a building 
located, aptly enough, in Hackney. Some of 
the lab’s equipment was built using tools 
from the nearby electronics, woodwork 
and metalwork workshops, while other kit 
was donated by universities. Biohackspace 


contains a PCR (polymerase chain 
reaction) machine that’s used for 
amplifying DNA samples, shelves of 
chemical reagents and a fridge full of Petri 
dishes - all the things you’ll find in a 
typical molecular biology laboratory. 

Except the lab doesn’t cater for 
professionals, but amateurs. In March this 
year the UK Health and Safety Executive 
(HSE) registered Biohackspace as 'GM 
Centre 3266’ - the first lab in the country 
that allows anyone to try their hand at 
genetic engineering. 

Although many of us think 'hacker’ 
means a person who breaks things 
(technically, that’s a 'cracker’), the word 
more properly applies to people who make 
or repurpose things, especially those who 
tinker with technology. 'Biohackers’ play 
with biotechnology and form part of the 
Do-It-Yourself biology movement. 

DIY bio groups are run by volunteers, 
and members usually pay a monthly fee to 
cover the costs of facilities and supplies for 
a shared lab, which provides affordable 
access to anyone curious about biology. In 
2010, there were only a handful of 
biohacking labs; according to diybio.org. 
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Back in the early days 
of modern computing, 
mavericks like Steve Jobs, 
Steve Wozniak and Bill 
Gates developed operating 
systems in a garage. The 
entrepreneurial spirit 
of early Silicon Valley 
continues in one of the 
world’s leading DIY bio 
groups: BioCurious, which 
is based in Sunnyvale, 
California. 

Since opening almost five 
years ago, BioCurious has 
welcomed everyone from 
entrepreneurs developing 
proof-of-concept products 
to high-school students 
working on their science fair 
projects. The group grows 
by two or three members 
every month, and currently 
includes anthropologists, 
physicists and software 
engineers. 

One BioCurious 
community project on 
bioluminescence was 
spun-out as Glowing Plant, 
which raised $485,000 on 
Kickstarter. Glowing Plant’s 
former lead scientist. Dr 
Kyle Taylor, now runs a 
’plant research group’ 
at BioCurious, where 15 
members work on half a 
dozen projects. 


Glowing Plant 
was created by 
a BioCurious 
community 



Prototype cell-washing machine (left) for removing salt so bacteria accept new DNA, and two bioreactors (right) for making biofueis etc 




Before being dried, kombucha is a gooey, rubbery substance 


Reagents used for growing cells include vinegar and seawater 


there are now over 60 local groups around 
the world. While groups generally start as 
'garage biology’, others - like BioCurious 
in California - have become larger. 


BRiTAiN’SBiOHACKERS 

London’s Biohackspace currently has 
about 20 regular members from various 
backgrounds, ranging from artists to 
engineers. Most have no scientific 
training. Lena Asai, a design student at 
Goldsmiths, University of London, got 
interested after seeing biology-inspired art 
at a museum in her native Japan, where a 
scientist suggested she find a community 
lab. That led her to Biohackspace. 

“They didn’t know what to do with me 
in the beginning,” explains Asai. “The first 
thing I said was, T want to play around 
with DNA and stuff. Obviously I didn’t 
know anything back then!” She has since 
attended a bootcamp at University College 
London (UCL) to learn basic genetic 
modification techniques. Her goal is to 
bring scientists and artists together. 

“We’re not doing science just for fun,” she 
says. “A communal lab is a great place 


where we should initiate collaboration.” 

One of Biohackspace’s collaborations 
involves the kombucha pancakes grown by 
Levantis. The liquid has added vinegar - to 
lower the pH for acidic culture conditions 
- plus food in the form of sugar, which can 
come from fruit juice. The team at 
Biohackspace wants to use the kombucha 
in a 3D-printing project called 'JuicyPrinf. 
While many 3D printers squeeze melted 
resin from a tube, depositing layers that 
turn solid after exposure to UV, JuicyPrint 
would use bacteria genetically- engineered 
to only produce layers of cellulose when 
blue light is shone on them. 

Another project is a 'DIY Beer Kit’, 
which aims to draw attention to hacking 
by exploiting the trend for home brewing. 
The kit includes a pick-and-mix of yeast 
strains, each genetically modified to make 
molecules that offer weird and wonderful 
flavours. Biohackspace entered its DIY 
Brew Kit in the 2015 International 
Genetically Engineered Machine (iGEM) 
competition, where it won a Bronze medal. 

DIY bio and iGEM are closely linked 
to synthetic biology, which involves 0 ^ 
building living machines from a set of 
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Spin-out company Bento Bio is developing this ‘lab in-a-box’ Kombucha being grown in an incubator 



Biohackspace director Ilya Levantis (far right) discussing future plans with artist Lena Asai (centre) and other lab members 


standard parts - genetic Lego blocks 
called BioBricks. This requires a 
toolkit, and the most powerful new 
technique in molecular biology is the 
CRISPR-Cas9 system, known as 'CRISPR’. 

CRISPRs (Clustered Regularly 
Interspaced Short Palindromic Repeats) 
are sequences of DNA letters, first 
discovered in E. coli in 1987. A decade later, 
researchers revealed that CRISPRs form 
^ part of an anti-viral defence system used 
5 by bacteria and other microbes: after a 
§ virus invades a cell, enzymes cut and paste 
I bits of the viral genome between CRISPR 
g sequences in the cell’s DNA. This leaves a 
1 genetic memory for an RNA 'guide’ that an 
S enzyme called 'Cas9’ uses to recognise and 
i destroy viral DNA, should an invader 
“ return. In 2012, bioengineers showed that 
^ the RNA guide could be reprogrammed to 
i target any DNA sequence, 
g Unlike most gene-editing techniques, 

§ CRISPR is revolutionary because the 
g technology is precise. It’s also quick, cheap 
I and easy to use - so simple that even 
> amateurs can use it. Johan Sosa, an IT 
° consultant and member of hacking group 
^ BioCurious, is already experimenting. 


“Currently we’re creating the guide RNA 
that we’re going to use to edit a yeast 
genome,” he says. One possible application 
is the 'Real Vegan Cheese’ project, which 
aims to modify baker’s yeast so it produces 
milk proteins. 

PLAYING SAFE 

Anyone who tinkers with nature can be 
accused of 'playing God’. And given that 
some people are wary of genetic 
modification by professional scientists, it’s 
understandable that some might worry 
about amateurs meddling with organisms 
they don’t understand. 

But even with CRISPR, we shouldn’t 
overestimate what biohackers are capable 
of. “CRISPR is merely a tool - you still 
have to have an idea of what genes you 
want to turn on and off,” explains Dr 
Darren Nesbeth, a synthetic biologist at 
UCL. “Knowledge itself is the biggest 
barrier to being able to redesign a cell.” 

Biohacking is also limited by the 
resources available to a typical DIY bio lab. 
Reagents such as enzymes can be 
expensive, and companies that 



The CRISPR molecule is 
attached to 'Cas9’ (shown here 
in beige). This is an enzyme that 
uses its RNA 'guide’ to recognise 
the target DNA sequence. 


The CRISPR-Cas9 tool cuts 
the strands of the target DNA’s 
double helix, then the cell’s repair 
machinery will fix the damage - 
minus the old DNA sequence. 


The CRISPR technique can be 
used to delete unwanted DNA, or 
to find and replace a sequence 
by adding genetic materiai - such 
as a new gene. 


t 




^^7 


^ , I 
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A thin sheet of dried kombucha produces strong paper 


manufacture CRISPR sequences have 
safeguards to ensure they don’t supply 
potentially malicious genetic material. 
“Somebody can’t order the sequence to 
build the Ebola virus,” says Maria Chavez, 
Director of Community at BioCurious. 
“Nobody is going to sell you those genes.” 

Objections to biohacking are similar to 
arguments in the CM debate, which 
discuss hypothetical scenarios such as 
strains escaping, or terrorists designing 
weapons. Nonetheless, DIY bio groups 
take it seriously. US government agencies 
like the FBI and Department of Defense 
keep in touch and send agents to visit labs. 
“At the beginning they were coming 
through quite frequently - at least 
once a month, formally,” says Chavez. 
“Informally, I’m not sure how many times 
they may have dropped in.” 

DIY bio groups also have rules for what 
their members can work with. BioCurious 
labs are classified at biohazard safety 
level-I (BSL-I), which means no projects 
using mammalian cells. At Biohackspace, 
no pathogens are allowed. “They’ve got a 
licence now from the HSE to do genetic 
modification, which requires they have a 


safety panel of individuals,” says Nesbeth, 
one of the group’s advisers. “There’s a 
framework and guidance there equivalent 
to what happens at a university.” 

CITIZEN SCIENCE 

Research has traditionally followed two 
routes - academic and industrial - but 
hobbyists could provide a third way. Such 
citizen science involves freedom from 
responsibilities such as teaching and 
writing scientific papers. It also offers a 
nice environment for brainstorming, but 
such blue-sky thinking is less tethered in 
reality, says Nesbeth. At Biohackspace 
meetings, he tries to bring members back 
down to Earth without being too negative. 
“So you have to avoid just being there to be 
a party-pooper and saying, 'Well, this will 
take millions of pounds,’ or Actually, that 
will take 10 years’.” 

Nesbeth supervises UCL’s iGEM teams 
and studies industrial applications for 
synthetic cells, such as manufacturing 
drugs and biofuels. He believes the biggest 
impact could be on altering the perception 
that genetic engineering is only done by 


academics in an ivory tower. “I see it as a 
route to demystifying science for the 
general public,” he says. Anyone can sign 
up to join their local biohacking lab. 

At the end of Biohackspace’s weekly 
Wednesday night meeting, several 
members take away sandwich bags 
containing kombucha to grow at home. 
Levantis mentions that because more 
people are getting involved in DIY bio, the 
lab now needs to expand beyond a 
basement in Hackney, a location which 
also makes it seem a bit hipster-ish. 

“It’s literally underground,” Levantis 
jokes. “Our goal for the next lab is to 
have windows.” ■ 


JV CHAMARY is a biologist and a writer. His latest 
book is 50 Biology Ideas You Really Need To Know 
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To watch Ilya, Lena and i 
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SUSAN 

BLACKMORE 

Susan is Visiting 
Professor at the 
University 
of Plymouth. Her 
books include The 
Meme Machine and 
Ten Zen Questions 


DRALASTAIR 

GUNN 

Alastair is a 
radio astronomer 
atthe Jodrell 
Bank Centre for 
Astrophysics at 
the University of 
Manchester 


ROBERT 

MATTHEWS 

After studying 
physics at Oxford, 
Robert became a 
science writer. He’s 
a Visiting Professor 
in Science at Aston 
University 


GARETH 

MITCHELL 

Starting out 
as a broadcast 
engineer, Gareth 
now writes and 
presents Click 
on the BBC World 
Service 


LUIS 

VILLAZON 

Luis has a BSc in 
computing and an 
MSc in zoology 
from Oxford. His 
works include 
How Cows Reach 
The Ground 



M TINA HANSON. LITTLEHAMPTON 

How do waterfalls freeze? 


WATER TURNS TO ice when 
its molecules move slowly enough 
to form rigid bonds. Normally, the 
molecules in the waterfall move 
under the influence of both the 
flow and thermal agitation. But if it 
gets cold enough, the heat effect 
becomes so low that not even the 
waterfall’s motion can stop ice 
forming, gradually at first but then 
ever more rapidly. RM 
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Q&A 



El GEORGE JEFFRIES, ST ALBANS 

Can a yacht ever travel 
faster than the wind? 

D THIS SEEMS LIKE defiance of the 
laws of physics, but it just needs the right 
shape and size of sail to trap enough of 
the air-mass blowing in the wind. The 
resulting transfer of momentum can 
propel yachts to impressive speeds, 
especially if friction is minimised - some 
sleek catamarans can achieve 80km/h 
using 35km/h winds. RM 


El PAUL LESLIE, CHELMSFORD 

On average, how 
many of our muscles 
do we use regularly? 

Cl JUST ABOUT ALL of them! But 
our least-used muscles are probably the 
lumbar multifidus muscles in the lower 
back. Studies have shown that prolonged 
slumping in front of the TV can inactivate 
these muscles. 1 his can lead to back 


pain, and once inactivated they can take 
man tils to recnver. LV 




E» YES. IN RESEARCH that was 
published in August this year, teams in 
Cambridge and Zurich built robots that 
evolve through successive generations. 

The 'mother’ is a robotic arm that builds 
'baby’ robots out of small cubes. Each 
cube has a mechanism where one side can 
waggle. When you place it on a surface, it 
clumsily drags itself around. The mother 
glues these moveable cubes together in 
various arrangements. Some combinations 
move further and faster than others. The 
mother robot builds each arrangement 


using assembly instructions in the form of a 
'genome’ that is passed between successive 
generations of robots. 

The mother is programmed to insert 
random mutations into each generation. 
Some offspring move around better than 
their forerunners, but others do worse. The 
mother rejects deficient generations but 
uses the genetic blueprints of successful 
ones to build subsequent offspring. In the 
lab, after only 10 generations, the robots 
performed twice as well as those at the 
start of the process. GM 


Q JON INGRAM, GATESHEAD 

Could we exist on Earth under a red giant star? 


Ci ABOUT FIVE BILLION years 
from now, the Sun’s usual source of 
nuclear energy will be depleted. It will 
begin to expand and cool significantly, 
becoming a ‘red giant’. Its outer layers 
will be thrown off into space. As the 
Sun loses mass, its gravitational pull 
wiU weaken and the planets’ orbits 
wiU widen. We know that Mercury 
and Venus will not be able to outrun 
the expanding Sun, and will be 
engulfed and incinerated. 


The future’s so bright, we’re all going 
to die horribly in a stellar inferno 


Earth may just outrun the swelling 
red giant but its proximity, and the 
resulting rise in temperature, will 
probably destroy all life on Earth, and 
possibly the planet itself. However, 
there’s no reason that life could not 
survive on another planet (or moon) 
sufficiently far out from the Sun, 
as long as it lies within the Sun’s 
expanded ‘habitable zone’. Life could 
also survive on suitably hospitable 
planets around other red giants. AG 





O" MALCOLM DOUGLAS, DUBLIN 

If humans became extinct, how long 
would it take for all traces of us to vanish? 


D STONEHENGE IS AT least 

4.000 years old and still visible 
today, and monuments buried 
nearby could be even older. 

Most modern buildings aren’t 
that robust, but some traces 
would likely remain for at least 

10.000 years, even if it was just 
the magnetic trace of the steel 
bars inside concrete blocks. 
When Hong Kong Airport was 
constructed in the 1990s, the 
island of Chek Lap Kok was 
flattened and extended, and the 
straight edge of its northern 
coastline will be a clue to our 
civilisation for tens of thousands 
of years. Our atmosphere also 


has high levels of plutonium-239 
due to nuclear weapons testing 
during the Cold War. This 
isotope only occurs in nature in 
incredibly small amounts, and 
will be detectable as a pollutant 
for at least 250,000 years. 

But the most enduring signs 
of civilisation will probably be 
deep mines in hard rock, such 
as South African gold mines and 
Australian lead mines. Here, 
visiting aliens would be able to 
see signs of our civilisation for 
millions of years, as the tunnels 
All up with sediment washed 
down by rainwater to create 
massive industrial ‘fossils’. LV 


D NOT REALLY. EPIGENETICS is 
when genes alter their activity in response 
to external factors such as diet, exercise 
and chemical exposure. The sequence of 
letters in the DNA doesn’t change, but the 
DNA molecule acquires other chemical 
changes that can be passed on to your 
offspring. These inherited traits last for 
two or three generations. 

Lamarckism says the giraffe got its long 
neck because parents stretched their own 
necks slightly during their lifetimes and 
passed that increase on to their children, 
and so on. That’s quite different from the 
Darwinian view that each generation has 
a certain amount of natural variation, and 
that giraffes with longer necks have more 
offspring. Epigenetics is an important 
influence on evolution, but it doesn’t 
drive long-term species change. LV 
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Q&A 


TOP lO 

FASTEST FISH 
IN THE OCEAN 



1. Black marlin 

Maximum speed: 129km/h 
Range: Australian coast 
and tropical Indo-Pacific 


2. Sailfish 

Maximum speed: 110km/h 
Range: indian and 
Pacific Oceans 


3. Striped marlin 

Maximum speed: 80km/h 
Range: Tropical and 
temperate regions of 
indo-Pacific Ocean 


4. Wahoo 

Maximum speed: 78km/h 
Range: Tropical and 
sub-tropical waters 
around the world 


5. Make shark 

Maximum speed: 74km/h 
Range: Tropical to 
temperate waters 
worldwide 


6. Atlantic bluefin tuna 

Maximum speed: 70km/h 
Range: Open waters of 
the Atlantic Ocean 



7. Blue shark 

Maximum speed: 69km/h 
Range: Deep waters 
of temperate and 
tropical oceans 


8= Bonefish 

Maximum speed: 64km/h 
Range: Shallow, inshore 
tropical waters 


8= Swordfish 

Maximum speed: 64km/h 
Range: Tropical and 
temperate waters of the 
Atlantic and indo-Pacific 


10. Fourwing 
flying fish 

Maximum speed: 56km/h 
Range: Subtropical waters 
of the Atlantic and Pacific 


lia STELLA RODGERS, WHITLEY BAY 

How do astronomers measure 
the size of planets? 



d THERE ARE SEVERAL ways that 
planetary diameters can be measured. 
The most common is to measure the 
apparent angular diameter of the planet 
- how big it looks against the sky - very 
precisely using a telescope. Combining 
this with a measure of its distance 


(deduced from its orbit around the Sun) 
reveals the planet’s actual size. Another 
method involves studying the motion of 
moons as they eclipse the planet. Some 
accurate values of diameter, for example 
for Venus, come from radar observations 
from space probes in orbit. AG 


Ci CHARLIE MACK, UCKFIELD 

What was the life expectancy of a dinosaur? 



d SCIENTISTS CAN MEASURE the 
age of some dinosaur species from the 
growth rings inside fossil bones, much as 
you can tell the age of a tree by the rings 
inside its trunk. The oldest known 
Tyrannosaurus rex specimen, this method 
tells us, was 28 years old when she died, 
by which age she was fully grown. 

But this technique doesn’t work well 
on many species, because their bones 
grew continuously and don’t have neat 
growth rings. Early estimates of 300-year 
lifespans for the largest sauropods were 
based on comparisons with crocodiles 
and turtles, which have much slower 
metabolisms. The consensus is now 
that Apatosaurus and Diplodocus 
dinosaurs probably only lived for 70 
or 80 years, which is about the 
same as an elephant today. LV 


74 / FOCUS / DECEMBER 2015 






[i> CAROLINE O’BRIEN, LONDON 

Why do people cheat? 

El BECAUSE THEY WANT to win the 
easy way. As competitive animals, we 
human beings constantly seek out 
opportunities to gain money, food and 
sex, or simply to look good. Doing all this 
the hard way requires expediture of time, 
effort and energy, so cheating can 
obviously be very tempting. 

Evolutionary game theory has helped to 
explain how altruism can exist alongside 
cheating. Generally, cheats do well when 
they are rare, but less well when they are 
many and have fewer non-cheaters they 
can exploit. So groups tend towards an 
equilibrium, with few enough cheats that 
it’s not worth the cost of stopping them. 
Sadly, this basic biological principle 
means we are unlikely ever to be 
completely free of cheats. SB 



FINN CROZIER, OSWESTRY 

How exactly does 
electricity kill you? 

AT LOW CURRENTS, AC electricity 
can disrupt the nerve signals from the 
natural pacemaker in your heart and 
cause fibrillation. This is a rapid fluttering 
vibration, too weak to pump blood. If the 
rhythm isn’t restarted with a defibrillator, 
it’s usually fatal. At higher currents, DC 
electricity can have the same effect by 
causing the entire heart muscle to 
contract at once, which also breaks the 
pacemaker rhythm. The highest currents 
(more than one amp) cause burns 
through resistive heating as the 
current passes 
through the body. * 

If this path 
crosses the heart 
or brain, then 
the burn may be 
fatal. LV 



WHAT IS THIS? 



I Sttoit guess at Michelle Robertson correctly guessed 

sci«fKsefoQtiS4»fn/c|8iK^^ seed 


In the event of 
low-flying arrows, 
do the limbo 
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JAMES SLATTER, FELTWELL 

What dictates where 
branches grow on a tree? 



The hormone auxin controls how tree branches grow 


o AS THE TRUNK grows upwards, 
buds are produced on either side. These 
buds are initially dormant because the 
growing tip at the top, called the 'apical 
meristem’, produces the hormone auxin, 
which inhibits their development. Once 
the apical meristem has grown far enough 
away, the concentration of auxin near the 
bud drops and it can begin growing 
sideways. This sideways shoot also lays 
down its own buds, which are in turn 
kept dormant until the shoot’s own 
growing tip has advanced enough. LV 
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Q&A 


Most oxygen 
actually comes 
from plankton 


E> RICHARD HARRISON, FIRBECK 


How does Earth 
maintain a constant 
level of oxygen? 


IT DOESN’T! THE oxygen level of 
the planet has varied quite dramatically in 
the last 500 million years. It was 35 per 
cent during the Carboniferous period, 
around 300 million years ago; as the 
climate cooled and land plants died off, 
oxygen fell to as low as 12 per cent by the 
beginning of the Triassic. Back then, the 
air at sea level would have felt thinner 
than at the top of the Alps today. 

Burning fossil fuels has reduced oxygen 
levels very slightly - about 0.057 per cent 
over the last 30 years. Deforestation only 
has a small effect because when rainforest 
is cut down, other plants are usually 
grown in its place. But it’s marine 
plankton, rather than trees, that produces 
about 70 per cent of atmospheric oxygen. 
Global warming will have a significant 
impact on plankton, which is a much 
more serious threat to oxygen levels. LV 
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LIZZIE REES, EDINBURGH 

Is crying good for you? 

D- MANY PEOPLE WOULD say yes. 
Crying is said to be cathartic, relieve 
stress and even remove toxins from the 
body, and most therapists claim it’s 
beneficial. There is evidence that blood 
pressure and heart rate fall after crying, 
while some allergic reactions are 
reduced after watching weepy films, and 
sufferers from rheumatoid arthritis who 
cry have less pain than those who don’t. 

Yet the experimental evidence is 
mixed. Benefits are more likely when the 
reason for crying is a resolvable problem 
and the person crying is comfortable 
expressing their emotions and not 
otherwise depressed. One function of 
crying may be to show our distress, 
which can help build relationships, and 
this may be why crying helps. SB 



18 ROB HARPER, LONDON 

Could an asteroid impact push 
the Moon closer to us? 

E!^ THE MOON IS very big, and any However, if an object of similar 

small object hitting it would have very mass and velocity to the Moon were 
little effect on its motion around the to hit it, the Moon’s orbit could well 
Earth, because the Moon’s own be altered, though it’s more likely the 

momentum would overwhelm that of Moon would be destroyed by such an 
the impact. Most asteroid collisions impact. If the Moon were to orbit 

would result in large craters and little closer to Earth we would experience 
else; even the largest asteroid known, much larger tides, along with longer 

Ceres, wouldn’t budge the Moon. and more frequent solar eclipses. AG 
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THE DRINKABLE BOOK 


days of clean water - up to 100 litres - and 
each book can last for up to four years. 

The text printed on each page of the book 
helps educate people about water safety, by 
explaining the importance of keeping rubbish 
and human waste away from the water 
supply. So far, the filters have been trialled 
successfully in the developing world. 
However, at present, the papers are not 
capable of destroying other organisms, such 
as protozoa and viruses. 


EVERY YEAR, OVER 3.4 million people die 
from problems associated with water, 
hygiene and sanitation. It’s a huge problem, 
because the vast majority of individuals who 
live in areas with dirty water don’t even realise 
that it’s unsafe to drink. 

To try to solve the issue. Dr Theresa 
Dankovich created a special type of bacteria- 
destroying filter paper for her PhD at McGill 
University. She’s now based at Carnegie 
Mellon and has teamed up with scientists from 


her current institution and the University of 
Virginia to create The Drinkable Book. 

Once water has been passed through a 
page of the book, it comes out on the other 
side with a 99.9 per cent reduction in 
bacteria, which makes it comparable to tap 
water in the USA. 

It works because each page is coated with 
silver nanoparticles, which are capable of 
destroying bacterial diseases such as E. coli, 
typhoid and cholera. Each filter can offer 30 



The book comes printed with guidelines for safe water 
consumption both in English and local language 


Tear out a page, insert 
into a filter holder 
issued with book 


Pour dirty water 
through filter 


Silver ions - positively-charged particles - interfere 
with a bacterium’s metabolism, producing substances 
called reactive oxygen species (ROS) 


ROS damages the membrane that 
surrounds a cell, as well as the DNA 
and proteins. Bacterium dies 
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Q&A 


o MIKE SHELBY, READING 


Is it true that dogs can detect cancers? 


D STORIES ABOUT DOGS warning 
their owners of early signs of cancer have 
been circulating for years. Now hard 
scientific evidence is emerging to back the 
idea - at least for trained dogs. Studies 
involving dogs exposed to samples of 
breath, urine and other body fiuids 
from cancer patients suggest 
they can detect the 
presence of lung, 
colorectal and 
prostate 
cancer, 
among 



others. In some cases, the dogs outperform 
standard lab tests, achieving higher 
detection rates and fewer false alarms. 

Researchers believe the dogs’ highly 
refined sense of smell can detect the 
volatile organic compounds produced by 
malignant cells. However, a recent review 
of the evidence cautioned that it’s still 
unclear whether the dogs can pick up 
signs of cancer early enough to be useful. 
More research is needed, and a major UK 
trial of the ability of dogs to detect breast 
cancer in breath samples from 1,500 
women is currently underway. RM 


4.:Q' RICHARD HOUSE, NORTH YORKSHIRE 

Why do we have 
^ moles on our skin? 



Dogs have proven 
especially good at 
detecting tumours 
wrapped in bacon 


Cf DURING THE FIRST 12 weeks 
of pregnancy, the developing foetus is 
making melanocytes - the skin cells 
that produce ordinary skin colour. 
These aren’t always evenly spread 
out: random areas will acquire a 
cluster and during your life, these 
clusters can grow into a mole. 

Moles are quite different from 
freckles. Almost everyone has from 
30 to 60 moles on their body, but 
freckles only occur in people with 
certain genes - particularly the one 
responsible for red hair. Freckles also 
need sunlight to trigger them, while 
moles appear spontaneously. LV 


‘Q> JONATHAN LLOYD, TELFORD 


Why is it colder at the top of a mountain, if you’re closer to the Sun? 


AS THE SUN is around 150 million 
kilometres away, even being on top 
of Everest only brings you 9km closer 
- far too small a difference to make 
you feel any warmer. The distance 
effect is totally overwhelmed by that 
of having less atmosphere around you 
as you climb. This leads to a steady 
fall in atmospheric pressure, and - as 
the air isn’t so compressed - a fall in 


temperature as well. The rate of decline 
is surprisingly fast: around 1°C for 
every 100m, and continues all the way 
up to the so-called tropopause around 
12km above the Earth. 

At these altitudes, barely 10 per cent 
of the atmosphere remains, and the air 
pressure is so low that the temperature 
falls to a lethally cold -55°C. The threat 
is not academic, either: at any given 


time, hundreds of thousands of people 
are being transported at these altitudes 
aboard aircraft. Passengers and crew 
are kept warm using hot air taken from 
the compressor stages of the engines 
before it’s mixed with fuel. This, 
combined with insulation in the walls 
and heat generated by the passengers 
themselves, ensures the cabin can be 
kept at room temperature. RM 




Q&A 


& CHARLES HILLS, EXETER 

Why do bees die 
after stinging you? 


Cf HONEY BEE STINGS have a barbed 
ratchet mechanism that pulls the stinger 
into the initial wound. This didn’t evolve 
as a suicide mechanism - honey bees can 
pull their stings out after stinging other 
insects. It’s meant to drive the stinger in 
as deep as possible; it just happens that 
mammal skin is too fibrous to release 
the sting, so the abdomen is torn open 
when the bee tries to escape afterwards. 
Honey bees are the only species to suffer 
this fate, but the cost to the hive of losing 
some workers is worth it for an improved 
ability to repel honey thieves. LV 


has passed 
He no 

He has ceased to bee 


Why does time go so fast when you’re asleep? 


® DOES IT? GENERALLY this is 
not true, and most people are good at 
judging how many hours they’ve slept. 
Some can even tell themselves to wake 
up at a specific time and do so. Time 
perception can be distorted, though, 
and experiments show that estimates 
are generally good, but people tend to 
overestimate time passed during the 
early hours of sleep and underestimate 
during the later hours. Time 
estimations during dreaming are much 
more variable and some people claim 
to have dreamt a whole lifetime in one 
dream. However, the best experiments 
to test this come from those very rare 
people who can induce lucid dreams 
(knowing they are dreaming) at will, 
and then signal to experimenters 
to indicate what they are doing in 
the dream. When asked to count to 
100 while dreaming or while awake. 


the times taken match closely. And 
when asked to estimate how long a 
dream event took, those estimates are 
accurate. So if time does go fast when 
you are asleep, you are unusual! SB 




*■ Torches are an 
effective under-bed 
i monster deterrent 


klllW I I u I L.ivir\ii_ 

What maiRes' 
people afraid of 
the dark? 


c» LOSS OF VISION. Sight is our strongest sense and^ 
some of our natural predators, such as the big cats, " 
had better night vision than our ancestors did. Our 
ancestors also had to watch out for enemy raids; evenj 
today, we may justifiably fear being burgled. 

But our greatest fears come from our own minds, 
Many children, and some adults, are terrified of the 
monster under the bed. This is called the ‘sense of iiwj 
presence’ and is often associated with sleep paralysis, j 
when you wake up unable to move. These monsters 
are due to unusual activity in areas of the brain. Then ^ 
there are all those ideas that we don’t like to face - our 
shame, guilt, anger, anxiety or whatever it may be. 
These seem far worse in the dark because our brains 
are deprived of the visual input that keeps them busy 
and suppresses those unwanted thoughts. SB 


El ROB RICHARDS, CIRENCESTER 

Can computers make 
mistakes? 

El COMPUTERS DON’T MAKE 
mistakes, as such, but they can make 
errors. When your laptop crashes, it has 
gone into an error condition where it fails 
to run the computer code effectively. If 
anything, the ‘mistake’ is that of the human 
who produced ineffective code or faulty 
hardware. Or it’s a simple case of the user 
asking the machine to perform a task that’s 
outside its normal operational envelope. GM 
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Q&A 



THERESA LOWRY, CARDIFF 


Why do little girls like pink? 


D PROBABLY BECAUSE OF social 
pressure. In Britain and the USA, older 
girls like pink more than hoys do, hut 
they could already have heen 
influenced hy expectations. So studies 
have tested one- to two-year-olds hy 


using the ‘preferential looking task’, do not. So perhaps it’s not surprising to 
which measures what the children like learn that hack in 1918 the trade 

to look at the most. The studies found publication Earnshaw^s Infants^ 
that preferences for toys differ hy sex. Department wrote that hahies’ 

with hoys looking longer at cars and clothes should he pink for a hoy and 

girls at dolls, hut preferences for colour hlue for a girl. SB 


Q CAROLINE MAY, BRISTOL 


What’s the longest an animal 
can survive without oxygen? 


The desert pupfish is 
restricted to just a few 
sites in the US and Mexico 


A MANY SPECIES OF bacteria and 
protozoa don’t need oxygen at all, and 
in 2010 researchers also found three 
new species of microscopic 
multicellular animals that can survive 
without oxygen, living in the seabed 
mud of the Mediterranean Sea. 

All vertebrates need at least some 
oxygen, but the record for holding 


their breath goes to the endangered 
desert pupfish Cyprinodon 
macularius. This 7.6cm fish has 
evolved to randomly switch its 
metabolism over to an alternate 
pathway that doesn’t use oxygen and 
produces ethanol as a bypro3uct. 
They can survive like^his for up to 
five hours at a stretch. LV 
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MARY BROOKS, TOTNES 

Why do live events 
transmit faster to my 
digital radio than my TV? 

E> DIGITAL AUDIO OR video is 
transmitted as a series of binary bits. Like 
a dam holding back water in a stream, 
broadcast equipment stores up a backlog 
of data. Then, if there are dropouts in 
transmission, there’s a sufficient supply 
to maintain the signal without 
interruption. Some services buffer more 
than others, explaining the discrepancy 
between digital radio and digital TV. GM 


NEXT MONTH Over 20 more 
of your questions answered 

For even more answers to the most puzzling 
questions, see the Q&A archive at 

www.sciencefocus.com/qanda 
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Q ACOUSTICS 


Enjoying fantastic picture quality on your TV this Christmas? 
Why not experience wonderful ‘home cinema’ sound as well? 


E very Christmas millions of 

people invest in wonderful new 
flatscreen televisions: delivering 
picture quality that keeps getting 
bigger and better. 

Now invest in your TV’s sound quality 
with the award winning ‘M4’ Soundbar 
to truly enjoy the home cinema 
experience. 

Simply connect Q Acoustics’ 
award-winning ‘W\4\ genuine Hi-Fi 
Soundbar, to enjoy truly outstanding 


TV sound quality. 

Priced at only £329.95, this premium 
quality and universally acclaimed, ‘2.1’ 
system stereo Hi-Fi Soundbar, features 
an internal lOOwatts amplifier and a 
dedicated, built-in subwoofer. 

Its bespoke left and right channel 
speaker drive units are advanced ‘BMP’ 
(Balanced Mode Radiator) designs. 
These are especially effective in a TV 
Soundbar because, unlike conventional 
speakers, they deliver ultra-wide sound 


dispersion. This means everyone 
enjoys the same great ‘home cinema’ 
experience, wherever they’re sitting 
in the room. 

As well as vastly improving the sound 
of every source played through the TV 
(Blu-ray, CD, Digital Radio etc.) you can 
also enjoy your favourite music and 
podcasts streamed wirelessly to the M4 
via its on-board Bluetooth receiver. 


QjMEDIA4 

MjWIW Hi FI' S a u fi d fl Q 1 


Tel 01279 501 I I I Email info@armourhome.co.uk Web qacoustics.co.uk 
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Blast your favourite festive tracks throughout Christmas 
and New Year with Ultimate Ears speaker range 


THE 'ULTIMATE’ 
CHRISTMAS WITH UE 


T he Ultimate Ears wireless speaker range will make your Christmas the loudest yet - whether you’re giving as a gift 
or grabbing one for your own spontaneous celebrations. The UE smartphone app lets you pair any two UE speakers 
together, remotely switch them on and off, fine tune the sound, set up an alarm that will still go off if your phone battery 
dies, and much more! The UE range is futureproof, so through regular speaker updates they will only continue to get 
better - think of them as living, learning speakers. The entire UE family is waterproof and drop-proof, so your speaker will take 
whatever you throw at it whilst you get on with the party with your friends and family. 


UE MEGABOOM 


UE BOOM 2 


UEROLL 


A wireless speaker ‘on 
steroids’. 

Take advantage of its 20- 
hour battery life and 30m 
wireless range to start a party 
wherever, whenever you need. 

Shockproof, waterproof, and 
available in a range of bold 
colours, the UE MEG A BOOM is the ideal 
Christmas gift for hard-core friends who 
party like New Year, all year. 



Insanely great sound and 
deep-powerful bass blasts in 
every direction. 

Dirt and waterproof, the UE 
BOOM 2 is ideal for any festive 
celebration. Throw it on your 
bike, clip it to your bag or just 
grab it and go - get it wet, 
get it muddy, stick it in the snow for the 
ultimate ‘chill out’, or cover it in mulled 
wine during the wee hours - nothing will 
stop the music pounding. 




Sound from the pint-sized 
UE ROLL is anything but 
small. 

Waterproof and life- 
resistant, the UE Roll takes 
loud, crisp sound with you. It’s the ideal 
gift for those you know will be partying 
at home, raving in the garden, holding a 
beach-front New Year, or just dancing in 
the street between venues. 

SRP £99.99 


SRP £249.99 


SRP £169.99 


Web ultimateears.com 


ultimste 

ears 






A LIFE ORGANISED 

Life Is simpLer when everything's in order. Tidy 
home, tidy mind. Organised bag. organised day. A Life 
Organised is about making every day easier, minimising 
everyday time-wasting and allowing us to focus more 
energy on the things we enjoy. 

Knomo is a British brand that designs stylish bags and 
cases that cleverly organise and protect digital devices 
and other belongings. From power clutches, batteries 
and magnetic iPhone cases, to backpacks, briefcases 
and carry-on trolley's, all have great organisation inside 
and out. and padded protection for your technology. 
Knomo stands for KNOwledge and Mobility: for 
the freelancers, the entrepreneurs, the co-working 
collectives and the people who can't help but ask, 
what next? 


GET 20% OFF AT KNOMO.CQM 

(EXCLUDING SALE ITEMS) 

CODE: FOCUS20 

UNTIL lOTH DECEMBER 2015 


WWW.KNOMO.COM 
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FREE ^ 
/ 24-BIT MUSIC \ 

Download your free 24-bit 
Studio Master album from Linn’s 
catalogue of award-winning 
artists. To claim, enter promotion 
code SOUND at the shopping cart. 

L www.linn.co.uk/ . 
scienceofsound JL 


WORLD-CLASS STREAMING. 
OPTIMISED FOR YOUR HOME 


Experience the highest quality performance from everything 
you listen to with a Linn network music player that’s uniquely 
personalised for you and your home 


H andcrafted and precision 
engineered to the highest 
quality, Linn network nnusic 
players enrich your life by 
making everything you listen to at 
home sound better: your treasured 
music collection, favourite online 
streaming services, movies and even 
your turntable. 

Featuring Linn’s ground-breaking 
Space Optimisation, every Linn 
network music player optimises 
the performance for your speakers, 
their placement, and the unique 
characteristics of your room. So you 
can design your home the way you 
want to and still enjoy the true sound 
of the music. 


KEY FEATURES 


• Wireless streaming 

Stream any digital source up to 24-bit 192 kHz 
and enjoy seamless integration of lossless 
streaming services, TIDAL and Qobuz. 

• Built-in Space Optimisation technology 

Optimise your system for your room and speaker 
placement, no matter what speakers you currently own. 

• Digital and analogue inputs 

Connect any source, from your 
Blu-ray player to your turntable. 

• Free software upgrades 

Enjoy new features, services and 
performance upgrades for free. 

• Futureproof 

Featuring Exakt links, you can upgrade your system to the 
ultimate performance of Linn Exakt - now or in the future. 


WHAT HI FI? 

SOUMO AMD VISION 

WHAttliri.COM 


★★★★★ 



LINN 


Email helpline@linn.co.uk Web linn.co.uk/linnds 







PERFECT GIFT 
THE HOME OFFICE 


iiyama ultra slim IPS displays are ideal for the office and discerning gamer 


he iiyanna IPS Panels are 
considered to be the best all 
round panels on the market, 
delivering rich colour and 
vibrant clarity with the IPS LCD, and 
a host of inputs making them ideal 
for office use as well as gaming. The 
Ultra Slim bezels make them ideal for 


multi-monitor applications for today’s 
increasing demands for displaying more 
data from multiple sources, iiyama have 
a philosophy of manufacturing user 
friendly products. As standard these 
products come with an ergonomic 
height adjustable stand which pivots 
into portrait mode. Furthermore, these 


stunning displays are topped off with 
speakers and a head phone connection 
and offer a reassuringly low power 
consumption, conforming to the latest 
Eco standards, iiyama Ultra Slim LCD 
display are a gift of choice this year, 
even if you are simply treating yourself 
to an upgrade. 
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XUB2390 - 23” 

• IPS Panel 

• HDMI 

• DVIandVGA 

• 3 years warranty 

• IPS LCD 


XUB24 - 24” 

• IPS Panel 

• HDMI 

• DVI and DisplayPort 

• 3 years warranty 

• IPS LCD 


Tel 0203 5142 888 Email sales.uk@iiyama.com Web iiyama.com 



XUB29 - 27” 

• IPS Panel 

• HDMI 

• DVIandVGA 

• 3 years warranty 

• IPS LCD 


iiyama 
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It's Your World. 

Your Phone. Your Call’ 




TURN YOUR SMARTPHONE 
INTO A SATELLITE PHONE 


Two models, one brilliant concept 


he perfect blend of nnobility 
and sinnplicity, the Thuraya 
SatSleeve+ and SatSleeve 
Hotspot are the sinnplest and 
fastest way to transfornn your phone 
into a satelite snnartphone. 

These support the connnnunication 
needs of all snnartphone users - fronn 


frequent travellers and adventurous 
explorers to corporate and NGO users. 

In our new models, sound is routed 
through the smartphone, allowing 
users to talk directly on it. This gives 
customers the option of using the 
smartphone either docked or undocked 
from the SatSleeve providing further 


accessibility and ease of use. 

For more information, please visit 

thuraya.com/products/2 or contact 
customercare@thuraya.com 

THURAVA © 
EXPANSYS' 



Web expansys.com/thuraya-satsleeve/ Email customercare@expansys.com 
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MUCH MORETHAN 
JUST A TABLET STAND 

This tiny British gadget is packed with surprises 



P linth was designed for those who 
use their tablets on the go - at 
honne, on the train and in the 
office. Use it with your choice of 
any iPad, tablet, Kindle and snnartphone 
as it was nneant to be - wafer thin, light, 
and instantly available. 

Plinth flicks open at the touch of a 
button to provide a rock steady support, 
with rubber pads and non-slip feet. 

You can use your Plinth with any case 
or cover (it provides nnore angles of 
support than nnost cases) - perfect for 
working on any surface. 

Available in a choice of colours fronn 
only £14.95 including free International 
delivery. Buy direct at nnyplinth.co.uk. 


Buy direct at myplinth.co.uk. 



Web myplinth.co.uk Email john@johnbulldesign.co.uk Tel 01823 431539 

GYROSCOPE.COM 


T he Super Precision Gyroscope 
has been designed and built 
to the highest precision fronn 
the very start, made from solid 
brass with a light-weight aluminium 
frame. Carefully chosen stainless-steel 
miniature ball bearings allow it to run 
smoothly and almost silently. The 
gyroscope operates at over 12,000 
rpm using the provided electric motor 
and battery pack. The gyroscope 
comes with a number of attachments 
allowing numerous configurations 
to perform scientific, educational or 
simply mesmerising experiments. The 
brass disk is machined to microns 
precision, ensuring the disk is incredibly 
symmetrical and well balanced. The 
disk is then computer balanced to an 
impressive 250th of a gram accuracy! 


Thus giving the gyroscope a highly 
balanced, super smooth feel, longer 
spin and even quieter operation. Visit 
www.gyroscope.com for details and to 
see our other products. 

This beautifully made small sports car 
AS4 is a homage to the first Mercedes 
vehicle. It is powered by a Stirling 
Engine with its fuel source being a small 
alcohol burner. Made of 100 parts. 

Ready to run. 

These miniature 3cc V-Twin 
combustion engines run off butane or 
propane gas. They are small enough to 
run on your desk and have an awesome 
v-twin sound. Just turn the valve and 
flick the flywheel to get it started. 

This Vulcan stove fan is driven using 
Stirling engine technology using just 
the heat from a stove. It requires no 
external power source such as batteries 
or AC power. The fan circulates the 
stove’s warmth quietly, efficiently and 
inexpensively. 





3CC V-TWIN 

COMBUSTION 

ENGINE 




SUPER 

PRECISION 

GYROSCOPE 


Web gyroscope.com Tel 0845 838 1 555 



Introducing the ultimate range of splashproof, portable bluetooth speakers 
that combine wide-ranging features with stunning audio performance 


T he JBL Flip 3 is the next 

generation in the award-winning 
Flip series: it is a connprehensive 
portable Bluetooth speaker that 
delivers powerful, roonn-filling stereo 
sound. This ultra-connpact speaker is 
powered by rechargeable battery that 
offers 10 hours of continuous play, and 
sports a durable, splashproof fabric 
material. The Flip 3 is the all purpose, 
all weather companion that integrates 
music into every aspect of your life - 


from tabletop to poolside, from sunny 
mornings to rainy nights. 

The Pulse 2 elevates your music 
experience to another dimension with 
the JBL Pulse 2, a portable Bluetooth 
speaker that offers sensational sound 
with an interactive light LED light show 
- bring your music to life with glowing, 
multi-coloured visuals and transform 
wherever you are in a party. 

The JBLXtreme is the ultimate 
portable Bluetooth speaker that 


effortlessly delivers earth-shaking, 
stereo sound by incorporating four 
active speakers and two Bass Radiators 
Packing a massive rechargeable 15 
hours of playtime and dual USB charge 
out, this speaker easily keeps your 
music and your devices going for as 
long as you need them to. The JBL 
Xtreme brings the excitement wherever 
you need it - whether indoors or 
outdoors. 


Tel 01707 2781 13 Web JBL .com 


JBLXtreme 
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KEY SPECS 

• Single radiator with push puil fan 
configuration for optimal cooling 

• High performance CPU water 
block from German company 
Heatkiller 

• Full cover water block 
from EK for the GPU 

• Compact design 

• Individualiy braided 
cables for stunning looks 



DINO PC DELIVERS MONSTER 
GAME PERFORMANCE 


PC games are now more realistic and immersive than ever, with vast 
global communities consisting of millions of members. In every way, 
PC gaming is superior to consoles 


D ino PC has been developing 
award winning systenns for 
ainnost a decade. 

Fascinating and 

unconventional, connbining lightweight 
and ethereal external designs 
together with the nnost powerful core 
components on the planet - all Dino 
PCs are simple to use and a pleasure 
to own. 

All Dino PC systems are produced in 
a state-of-the-art facility in the heart of 
London, demonstrating the continuous 
investment in R&D required to be a 
trend-setter and innovate, all Dino PC 


systems are engineered for the extreme. 
With Dino PC, you choose your own level 
of performance and external features 
- from smooth and professional to 
seriously aggressive appearance. 

Immaculately built, with 
unconventional options such as snake 
skin finish, combined with elaborate 
cooling solutions, these performance 
systems are handcrafted masterpieces 
that are as individual as their owners. 

For the chance to own one of these 
extreme gaming machines why not pay 
a visit to Dino PC’s showroom or check 
out dinopc.com, you won’t regret it! 



. 1 jDrNOPC 

% * V OWINECnEO FDR THE EXTFWMf 


Tel 0844 999 4123 Email enquiries@dinopc.com Web dinopc.com 




ADVERTISEMENT FEATURE 


csS'SS'- 



CURIOUS ABOUT 
VIRTUAL REALITY? 


2016 will be all about VR, but for those 
curious now there is an affordable headset 
that uses your existing phone to anchor you 
into stunning immersive environments 


P roteus VR spent 18 nnonths 
designing and tweaking the 
Freefly with one agenda - to 
prove mobile virtual reality could 
be just as compelling as its PC-based 
cousins, without the wires and high 
price-tags. 

Iceland’s Bjork selected the Freefly 
to launch her first VR music video - 
Stonemilker, at MoMA in New York and 
Rough Trade Records in London. 

With a huge 120 degrees FoV and wide 
phone compatibility, the Freefly acts 
as a wearable portal to the hundreds 


of iPhone and Android VR t ties already 
available. YouTube and LittlStar now 
offer 360 VR content. The Sky and 
Discovery channels will be releasing 
immersive sports, entertainment 
and documentaries over the 
coming months. 

Freefly is the ultimate gift because no 
matter what your interests - gaming, 
watching movies, relaxing or learning, 
the Freefly experience makes everything 
more exciting, immersive, absorbing 
and engaging. Search Freefly VR reviews 
to see what others are saying. 


SPECIAL OFFER 

Visit freeflyvr.com and use promo code 
VRCURIOUS for 5% discount 

• Expires December 11th 

• The Freefly VR comes with a free 
Glide VR gamepad 

• Bjork’s Stonemilker video was 
premiered on the Freefly 


Email support@freeflyvr.com Web freeflyvr.com 
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STARCRAFTII: 
LEGACY OF THE 

Reclaim your homeworld 

S tarCraft® II: Legacy of the Void™ is the thrilling 
conclusion to Blizzard Entertainnnent’s iconic 
real-tinne strategy game series. The award-winning 
science-fiction saga takes players to a distant sector 
of the galaxy, where three races battle for supremacy. Years 
ago, the homeworld of the mysterious protoss race fell to 
the merciless zerg swarm... and the protoss are now ready to 
reclaim their planet. In Legacy of the Void, you are Hierarch 
Artanis, leader of the protoss. At long last, you have raised a 
powerful fleet of warships and are poised to take back your 
world. But an ancient evil emerges to threaten this destiny 
and the fate of the entire galaxy. Only you can reunite the 
protoss factions and defeat the coming darkness before it 
consumes all life in the sector. 


VOID 



• Command a magnificent protoss 
arkship - the mighty Spear of Adun 

• Take the galactic conflict to another 
level with an arsenal of new units 

• Prove your might in competitive online 
matches for all skill levels 

• Share control over a single base with an 
ally in Archon mode 

• Conquer challenging scenarios with your 
friends in Co-op Missions 

StarCraft II: Legacy of the Void is available online at 

www.starcraft.com. Previous versions of StarCraft II 

are not required to play. 


Web starcraft.com 
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ROCCAT ISKU FX 

Dominate the game with the Isku FX 
multicolor gaming keyboard 

S kill is essential, but the right tool is what puts a dedicated ganner over the 
top. Combining amazing technical engineering with savvy, eye-pleasing 
design, the ROCCAT® Isku FX Multicolor Gaming Keyboard offers you 
supreme quality, precision command, and a bold, uniquely ROCCAT design. 
The Isku FX is the complete package. Now available in a stylish white design. 

i 


ROCCAT KOVA 


Raw performance and sleek design 
combined for pure power and speed 


T he all new Kova is an amazing one-two punch of ROCCAT tech and design. 

Double the button funtions on a streamlined frame with fine lines and angles 
reminiscent of a high-end sportscar. 

Double-powered DPI for precision gaming, finished off with a world 
class illumination suite integrated into an ambidextrous-use, expertly engineered 
package. The Kova is double the ROCCAT power in the palm of your hand. 


SET THE aULES, 


Tel +49 (0)40 30 99 495 238 Email tom.loske@roccat.org Web roccat.org 
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ASTRONOMY 

PHOTOGRAPHER OFTHE YEAR 



From the Royal Observatory, Greenwich, comes a spectacular 
collection of breathtaking astrophotography 


A stronomy Photographer 
of the Year, Collection 4, 
brings together 138 winning 
and shortlisted entries 
from the Royal Observatory’s 2015 
annual competition. Amateur 
photographers from across the globe 
have captured cosmic events at 
their most breathtaking moments, 
using everything from pinhole to 
iPad cameras. A captivating read for 
scientists, photographers, astronomers 
and lovers of our mind-blowing universe, 
this year’s collection is beautifully 
artistic and includes the fascinating 
stories behind the photographs. 

Web harpercollins.co.uk 




ASTtOHOUty PHOTOCRAPHER 


vit/ PHOTO 
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TRIGGERTRAP 


Triggertrap Mobile turns an iOS or 
Android smartphone into the World’s 
most flexible camera remote 


Web triggertrap.com 


T his incredibly flexible tool taps 
into the powerful processing 
power built into your smart- 
phone to add sound, vibration 
and facial recognition sensors to an 
SLR camera, in addition to a plethora of 
long-exposure and timelapse modes. 

It’s the perfect gift for the 
photographer in your life. The apps are 
free to download, and the connection kit 
costs £22.99. All SLR cameras and most 
Mirrorless cameras are supported. 

See Triggertrap.com for more 
information. Use the code ‘Focus’ at 
checkout for an exclusive 5% discount 
at www.shop.triggertrap.com 








MEADE INSTRUMENTS 


Distributed by Hama 

Meade Polaris 130EQ Telescope 
SRP: £200 

The universe is closer than you 
think with the Meade Polaris 130EQ 
Telescope. Employing a successful 
combination of superior optics and 
impressive light gathering power, Polaris 
Series Telescopes provide sharp, bright 
views of the night sky, perfect for the 
observation of the deep space objects. 
Suitable for all levels of astronomer, 
the German Equatorial Mount and 
viewfinder allow seamless tracking of 
celestial objects and are ready to use 
straight out of the box with minimal 
assembly required. 


Meade Infinity 90AZ Telescope 
SRP: £210 

Unite the generations this Christmas 
with the Meade Infinity 90AZ telescope. 
Erom its straightforward, single- 
box set-up to the integrated red dot 
viewfinder and slow motion controls, 
the Infinity 90AZ is suitable for all the 
family, allowing fast and easy navigation 
of the night sky. All ages can enjoy and 
share a passion for astronomy through 
premium fully-coated glass optics 
backed by over 40-years of Meade 
design expertise. 



INSTRUMENTS 


www.meade.com 

Please contact 0333 123 4262 
or email enquiries@hama.co.uk 

for information on your nearest stockist. 


Tel 0333 123 4262 Email Enquiries@hama.co.uk Web meade.com 
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Introducing the AK Jr. Because phones aren't so smart at music 



Want to hear more from your 
music and get the very best 
from your headphones? 


Forget your phone: it’s just not up to it. The 
AsteU&Kern AK Jr delivers true hi-fi quality 
in a slimline player that will transform your 
portable music experience. From studio 
master-quality 24bit downloads to about 
every music format going, the AK Jr plays 
it in style. You can even use it to boost the 
quality of your computer’s music output. 

If you want the best, don’t reach for your 
phone - pocket an AK Jr. 



3.1 In cotour 
touchscreen for easy 
control and clear 
cover art display 


Aluminium casing 
and toKtured 
aluminium 
volume wheel 


&4GB of internal 
capacity; expandable 
via 64GB 
microSD cards 


Astell&Kern 



The music player everyone's talking about! 


"An audio treat. 

Just add headphones 
for the ultimate 
portable pleasure” 

What Hi-Fi, 

Five Star Review 


"This marks a turning 
point for high-res 
audio fans” 

Stuff 

"This portable high-res 
number will redefine 
your listening habits” 
T3 


"A smash hit 
because it 
delivers that A&K 
192kHz/24-bit 
quality in a 
package smaller 
and lighter 
than an iPhone” 
HiFi News 


"This company 
single-handedly 
taught the world 
that there is life 
beyond the iPod 
and iPhone for 
music on the go” 
Ken Kessler, 

The Telegraph 


"The player will 
bring out the best in 
everything from 24-bit 
studio master tracks 
(downloads that sound 
better than CD) to Apple 
Store downloads.” 

Rob Waugh, 

The Mail on Sunday 


Available now from aindZOn.CO.uk and all good audio retailers 




THE FUTURE OF GADGETS 


EDITED DY RUSSELL PEEKS 


ON THE HORIZON 

ROBOHON 

It’s a robot! It’s a smartphone! 

It’s almost unbearably cute! 

robohon.com/special/english 

A pple, Microsoft, google... stop 

what you’re doing right now! You’ve 
been getting this 'intelligent personal 
assistant’ business all wrong. The way 
forward isn’t putting a quasi-human 
persona a la Siri, Cortana et al inside a 
smartphone; the way forward is 
putting a smartphone inside a quasi-human 
shell or, to be more precise, inside a humanoid 
robot pal that makes Brian from Confused.com 
look positively surly. 

At least, that’s what Sharp is banking on as it 
unveils Robohon, a 19cm-high robot-shaped 
smartphone that talks to you. Just to be clear, 
this isn’t some futuristic prototype built to wow 
the crowds at trade shows. It’s an actual, 
working consumer product, and it’s going on 
sale in Japan early next year. And to say 
it’s dividing opinion in the tech world would be 
an understatement. 

In the blue corner, we have serious-minded, 
utilitarian commentators whose basic reaction 
is, “Why the hell would I want one of those? 
What on Earth was Sharp thinking?” Such 
commentators point to the phone’s tiny, 
rear-mounted screen, and to Sharp’s promo 
video which - somewhat unrealistically, they 
suggest - features someone climbing a rock 
face with Robohon swinging merrily from their 
chest in a papoose. In their eyes, Robohon can 
be written off as a cutesy gimmick that’s 
doomed to failure anywhere outside Japan. 

Over in the red corner, meanwhile, we have 
the rest of the human race, whose reaction 
to seeing the Robohon video is generally ^ 



9 ^ f . 
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THIS MONTH O 


BtU THOMPSON 

Are we all: 
cyberwarriors'Ji 
pgg 


THEULTIMATE 

CHRISTMAS 

WISHLIST 

Rease, Santa, 
we’ve been good! 

p101| 




PHOTO: SHARP 


Tech Hub 



Robohon acts as a personal assistant and can even bust some moves too 


something along the lines of: “OMG 
that’s the best thing I’ve ever seen! 
When can I get one?” When it comes to 
the battle for hearts and minds, there may 
be a lot of minds to win over but hearts 
belong to Robohon, no contest. 

As cute as Robohon is, there’s also no 
denying that the 'blue’ commentators have 
a point. Several points, in fact. At a time 
when smartphones are looking more and 
more like tablets, while tablets increasingly 
come with detachable keyboards that turn 
them, essentially, into laptops, equipping 
Robohon with a mere two inches of display 
seems an almost insanely backward step. 
How’s that supposed to compete with the 
4K screen on the Sony Xperia Z5 
Premium, which featured on these very 
pages last month? 

Robohon’s quad-core 1.2GHz CPU 
sounds reasonable enough, but lags behind 
the likes of the Samsung Galaxy Note 5, 
which boasts a quad-core 2.1GHz 
processor. Perhaps most concerning of all, 
though, is just how little Sharp is actually 
telling us about Robohon’s inner workings 

- it hasn’t even said what operating system 
Robohon will run on. The internet rumour 
mill suggests some flavour of Android, 
even if it’s a Sharp -customised version, but 

- sorry to break it to you like this - the 
internet rumour mill has been known to be 
wrong on occasion. 

Combine somewhat middling known 
specs with the general air of mystery 
surrounding the launch, and it’s not 
surprising that more cynical observers are 
doubting whether Robohon will have the 
performance chops to overcome the fear of 


looking foolish because you’re walking 
down the street talking into a child’s toy. 

On the other hand... just watch the 
video. If you hate the thought of being 
woken up by a robot cheerily calling out 
'Morning! It’s time to wake up!’; if you 
don’t like the idea of a personal assistant 
who at your command will bend at the 
waist to project your photos onto the 
nearest available surface; and if you can’t 
see the benefit of having a phone that talks 
to you, learns from you and, for the love of 
Mike, even dances... if you can’t imagine 
these things bringing joy into your life, 
then you’re probably the kind of person 
who sees a litter of tiny, fluffy kittens and 
thinks 'hacky sack tournament’. 

With no word yet as to exactly when 
Robohon will go on sale in Japan, how 
much it will cost, or whether it will ever 
be made more widely available, we’ll just 
have to wait and see how the phone 
manages as a commercial proposition. But 
we’re undoubtedly moving towards a 
future where robotics and artificial 
intelligence play an ever-increasing role in 
all our lives. With Robohon, Sharp is 
exploring new ways in which humanity 
and all that technology might interact. 

And for that, the company should be 
applauded, not ridiculed. After all, in 1999, 
Sharp introduced the first mobile phone 
with a built-in camera - to which many 
commentators’ reaction at the time was, 
"Why the hell would I want one of those?” 


RUSSELL DEEKS is a freelance technology 
journalist, and Contributing Editor of Focus 


TECHOMETER 


WHAT’S HOT 

8K DISPLAYS 

Neither the public nor 
the TV industry has 
exactly rushed to adopt 
4K resolution: no UK TV 
channels broadcast in 
the format, and there’s 
only limited content on 
Netflix and YouTube. 

But that hasn’t stopped 
manufacturers cracking 
on with 8K cameras and 
screens. The format is 
intended for use with large 
screens, with the first 
commercially available 8K 
screen - an 85-inch Sharp 
model - now on sale. 



You may have seen people 
riding Swegways - self- 
balancing electric scooters 
that look like a Segway 
without handlebars. But 
they look like becoming 
The Craze That Never Was, 
because the UK’s Crown 
Prosecution Service has 
declared their use illegal 
both on pavements and on 
public roads, citing safety 
concerns. 


WHAT’S HOT 


READER POLL 


Would you use a Robohon? 


50% 50% 

Yes - that’s No - 
what I call does not 
an Android compute! 
phone! 
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THE NEXT BIG THING 

ARE WE ALL CYBERWARRIORS? 

Our online security is being compromised 


L ike every other 

internet user, I rely 
on decent encryption 
to make life online 
possible. Every time I connect 
to a secure server, such as my 
bank, a complex dance takes 
place between my computer 
and the server involving a 
choice of random numbers, a 
lot of processing and the 
exchange of encryption keys. 

The result is a secure 
channel between us. At least, 
it’s supposed to be, because 
one consequence of the slowly- 
simmering cyberwar between 
nation states is that the actual 
security of almost every 
network connection is being 
compromised in the interest of 
national security. The future of 
online life is starting to look 
more and more like living in a 
divided and threatened city, 
not the peaceful metropolis we 
were promised. 

Evidence has recently 
emerged to indicate that the 
US National Security Agency is 
spending a lot of money on a 
system that can break public 
key encryption because of a 
poor implementation in some 
of the main offerings. This isn’t 
a problem with the maths, but 
with the way the software has 
been written. 


Security agencies have also 
been keeping quiet about 
security flaws in popular 
software, using them instead to 
get access to information from 
targets. Sadly, it’s highly likely 
that other people - such as 
criminal gangs, hackers and 
the odd unfriendly nation - are 
also aware of these bugs, and 
are exploiting them for less 
noble purposes. By keeping 
quiet, we’re left more at risk. 

This is just one aspect of 
cyberwar, of course. More and 
more physical hardware, from 
thermostats to watches 
through to power stations, 
dams and even oil refineries 
relies on computer systems to 
operate. The recent chilling 
discovery that you could hack 
into the entertainment system 
on a Chrysler Jeep and use it 
to control the steering and 
brakes may have been a 
security flaw, but it’s the sort 
of flaw that cyberarmies will 
be looking for - it’s easier to 
disable a tank over a network 
than fire an armour-piercing 
missile accurately. 

War used to be confined to a 
particular geographic area. If 
you lived there, it was hell and 
you were in enormous danger, 
but populations away from the 
war zones could carry on with 


Though cyberwarfare is mostly waged between nation states, the repercussions affect us aii 


their life. Aerial bombing, such 
as the London Blitz and the US 
action in Cambodia changed 
that, and the development of 
nuclear weapons and 
intercontinental missiles put 
us all at risk of mutually 
assured destruction. 

Now the zone of engagement 
has extended online, and it 
seems that life on the internet 
is going to be more like living 
in North Korea than northern 
California when it comes to 


the assumptions we can make 
about our safety, security and 
freedom from surveillance. 

I’d prefer an internet that 
wasn’t weaponised, but it may 
be too late to get the 
cybersoldiers to back down. 



BILL 

THOMPSON 
contributes to 
news.bbc.co.uk 
and the BBC 
World Service 


FROM THE LAB 


GRAPHENE PRINTING 


WHAT’S GOING ON? 

A team led by Dr Tawfique Hasan at 
the Cambridge Graphene Centre has 
developed a new way of printing using 
graphene-based ink. Although several 
graphene printing methods have been 
demonstrated before, Hasan’s team is the 
first to aohieve the kind of printing speeds 
that will be needed for the prooess to 
beoome oommeroially viable. 


HOW DOES IT WORK? 

Tiny partioles of graphene are suspended 
in a carrier’ solvent mixture, which is 
then mixed with conductive, water-based 
ink. The printed material’s resistance can 
be controlled by varying the ratio of the 
ingredients, and the same method could 
also be used to create inks based on 
other types of metallic, semiconducting 
or insulating particles. 


WHYISITOSEFUL? 

Currently, most printed circuits are made 
from a mixture of carbon and silver. By 
substituting graphene ink, such circuits 
could be printed more quickly, would 
be less harmful to the environment and 
would be up to 25 times cheaper to 
produce. Suggested applications include 
the production of Intelligent’ packaging 
and disposable biosensors. 



Graphene ink could allow the cheap 
production of smart iabeis 
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Urgent call for help to save the eastern lowland gorilla issued by Fauna & Flora International 
Your response by 14 December could help protect the remaining gorillas. 


WItfiotit action now the eastern tewland gorilla coutci toe gone forever - cut the 
coupon or go towww.savegohUa 5 . 0 rg.uk to help protect tlia remaining gorillas. 


One of the world’s 
rarest apes faces 
extinction 

Population plummets from 17,000 
to less than 10,000 


ConJturned by caAflkl und caught m 
the grip a iKvm corutervatian crisis 
the eastern lowtajid gaiilla - ihf world^x 
largest gorilla - Ns fighting for survival. 

Fauna Sf Flora Internal ionat (FFI) 
has put cjuL an urgent call to the global 
community to save the remaining 10.000 
or so eastern lowland gorillas. 

E'unds are sriught immediately to help 
protiict newcoiiimunity nature reserves 
that arc essential to the survival of the 
remaining goritbs bciwieeti the Malbi 
and Kahu^Mhega National PatlcKin the 
Democratk: Republic (DRL!). 

U is a crucial step towanis pmlccting 
theM-du^ive and l-ndangered ap-e;; from 
complete CKtiticlion. 

Jhc eastern Itiwland gorilla faces 
mullipte threats to its survival - all of 
them due to human activity. A major 
expansion of agriculture and pastures 
in the DRCl in recent years has jnit 
erKsrmcius strain on the gorillas shrinking 
habitaL Industryp too^ has taken its 
Loll mth natural habitats squeezed by 
extensive mining for gold and cultan - a 
mineral used in malting mobile phones. 
Hunting and the continuing comumptlon 
of illegal 'bush meat' have also cau.sed 
many apes to be killed VVhatS more, 
continuous conflict has made it incredibly 
challenging to enforce wildlife proteclum. 

Asa result, numbers ofea^siern ItswUnd 
gorilks have plummeted Just 1 5 years ago 
there were around 17,1)00 eastern lowland 
gorillas in the wild, Ibday, scientists 
believe that at most tdIMlO may still 
rirniatn alive. Experts don't know for stire 
exactly how many them are,, but scientists 
are carr)ing nut populatkin surveys 
to find out exactly hfjw Itrw the goriik 
^xjpuUllon hasdr^jpped. 1he critical 
conflict problems in the DRC mean the 
(X)(iuklion has gone alirai^l completely 
im monitored since 1996. Now, with your 
help, I- Hi want to change that. 



By wDfkJrig doaely with local peopla we can 
help safeguard the areas needed to protecl 
the test funtiving oastem Jiiwland gpHllos in 
the area between Maikn and Kahuzi-Bie ga 
NatlDnal Harks in the ewteni ORC. 


KHt Vk^antitto protect existing gorilla 
families in a vulnerable - currently 
unpnXeeted - area between the Malko 
and Kahuxl-Bt^ National Fterb.lhese 
families are vital to saving the remaining 
easiem hjwknd gorillas from extinction, 
Ihi^ gorilla protection has only 
become possible in recent years, hjnee 
the elections in the 1>H<^ in ItXlfi, and 
the increased stability that came with 
them* CDnservailnn teams are slanting 
to coiuolidaie a ierles of community 
reserves tn ensure the gorillas are fiilly 
protected. 



"Thfl Mako and Kahua^Bjiaga Naltonol 
n ^ DRC ara* heme to some of the rmet 
endangered aperies in Ahica, indudlng Ihe 
esstem lowland genlla. However, as human 
populabone in ihe region expand sc too dK& 
the nsk from habitat iosa. A participalsry 
term of ODnservabon le gtvmg these 
commLjnifKS a means lo exist and is helping 
the eastern lowland gerilte mi mhet wildlrie 
Hme is short and \ urge s^ifwrters el FFl to 
giiddy back this vilad work that is cniriai ta 
the survival el the eastern lowland goritla.*' 

Sir David Attnnborough DM FRS. 

Fauna & Fivta Intemadofiat vice-president 

For the species to remain genetically 
viable, it Is crucial that the gorilla fami licit 
can interbrtfed and are nut separated by 
defufCAtation and agriculture expansion 
in an unprtJtected area- FFI kmnv^f 
community managed land is a sustaiiiairle 
way Lo achieve this. 

To do all this FFI needs to raise 
li:i3{]i,489.S6 to protect I(ASi47.67kmUtf 
forest, w^hcrc the gtrrillas arc ot risk. Ihc 
£ ]30,4S9.S6 must be raised as sfxin as 
pcKslble so Lhal ibe Eeam al FFI have lime 
to plan ahead. Meanwhile unpmtec led 
gorilla.s arc! dying from the threats they 
face every day. 

1he eastern low land gorilla la on 
the very edge of survival. Together we 
can save it. Pleiue send your gifi by 1 4 
December - at the very latest. 


FotiiVi Si FEoim tmernatki rul (FFI) have lynched an irinerg^n^y apped tc» nuif 
fw»m rewkn^ that will ctiahic thcni to pewh abend with the pmiedam uf new CJkJmniunily 
ItE&crvei ic ihr !>cfiidcriiliL: Rcpubljc of J hia is erurckl lu the bdUte tc thv 

Kndangeml hnifl4injEl gorilla (iwtl FXtinejion. Vnu am cmtribute by euttms thecDriptm 

hekivic visitiiDg www.uvEgorllliUi.i'prguk oreaJfing 03223 431991. 


How you can help save tha eastern lowland gorilla 

f 1 30, 4^6956 is snught from readers to urgently protect a scries of comniuniiy 
nature reserves that will safeguard the godlloji in unprotected areas - where they 
are at riik of losing their habitat and being killed by hunters. Thes$ are a few of 
the Items urgently iwedcd; 

• £40.10 ttnuld pay f nr mtions for 9 gorilla survey team 

• £129.30 could pay for fuel to run ihe team's off-road vehicle tor a month 

« £258.72 umild pay for a SPS unit and toatteries, to help iho teams locate gorilte 
families in the dense rainforest 

• £679.15 could pay for a satellite phone, to help the teams reptirt and respond 
to emergencies 

• £19,186 Is also needed to fund the entire DRC conservatiofi team for 6 months, 
Any donations, targe or small, will be received with thanks. 


Cut the coupon below and return it with your gift to FFI, to help save the 
remaining 10,000 Endangered eastern towland gorilla s. Altemativety, go 
to www.savegofilEa 5 .a 1 g.uk or call 01223 431991, Thank you. 


I want to help save the remaining 10,000 
eastern iowland gorillas with a donation of £. 

Tilh Forenanie 

Surname 

Aridresa 

Postcode 

Email 

Phone 

Ol duebse a cheque payable to Fauna £ Fitna [fitemabanal Qfl 

m I ^tsh to flay by tiredillAldat cord 

Type dI card; Visa D ArnexlZ] Mastercard EH Maestro EH DAf^EH 

CardhoJ J I I I 1 I 3 1 I t i 


Expiry Dale. Lj. 


I 


1 1 I 

ED 


Sian Dele; I L_ 


3 digitsacurity coda: 


l^ue HumtiHr tfawiwn qeiyi: 

dignj nut to Uw kqnont 

^wtm Mto If fan A Ftsn lirtoiiaADniJ WDCHtii m >wii^ tnon fwo CiOQ iSS Si hvn Din JWito IbrA wft be 
liifVJi«mori*t4ed l]tt'Hdp(4lirttot»MrH4HtD4lttoMavid^tri^P«QpiMeiAhif!Vi«frtotoba^ 

ntttfM 

Pfeoso mtem te: Gorilla Appaal, c/o FREEPOST RRtoG-nSGG-CACG, 

Fauna & Plora Intamational, 4lh Floor, JdpilEr Rouse, Statbn Road, 
Cmbrid,*.CBI2J0.l* 

nr go to www.FFIgerilla.org to don ate online rwiw. ^ flora 

PwiivrgolinUK nv«iiidamitotv Me. 


s/ yi 


■tP'.ftl c i\-Al 


(^-€Si5BF 


1 Tech Hub ' 



A few short years ago, the laptop was pronounced dead: the future, 



declared the techno-savants, lay with tablet computers. Then the 
world realised that while tablets are great for web-browsing, playing 
games, watching movies or checking your email, they’re a bit rubbish 
when it comes to doing any actual work. And so ‘hybrids’ - tablet 
computers with a detachable keyboard - are officially this year’s 
must-have device. 

The Surface Pro 4 is Microsoft’s latest offering in the hybrid 
sector, and builds upon the success of the Surface Pro 3. The Type 
Cover detachable keyboard is now sturdier and boasts a more 
responsive trackpad, while the display has been enlarged to 
12.3 inches. The Surface Pro 4 is available with a choice of 
three processors, all using Intel’s state-of-the-art Skylake 
architecture, and with storage options ranging from 128GB 
to 1TB. It’s being touted as the first tablet to truly rival ^ 

a laptop in terms of performance - and that means / 

you can expect it to sell by the lorryload this festive 
season. Buy early to avoid disappointment! 


From £749 (Type Cover £110 extra), 
microsoftstore.com 
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SMARTPHONE PROJECTOR 




£129.99, 

sphero.com 


MATTEL 


$30 (£20 approx), 


view-master.com 


HP LAPTOP 

£549, 

hp.com/UK 


HOT THIS YEAR 


DOTT SMART DOG TAG 


This Bluetooth smart dog tag will keep you notified of 
your canine chum’s movements at all times, and if Fido 
strays out of range, his collar can still relay his location 
by connecting to other Dott-enabled devices nearby. You 
can even have it custom-engraved for an extra $6. 

$30 (£20 approx), dottdogtag.com 


Turn your smartphone into a home cinema projector using a 
cardboard box and an 8x magnifying lens. Great for watching 
Carry On Camping \r\ your tent, or The Cabin In The Woods in 
your cabin in the woods. Actually, maybe not the latter... 

£15.95, pnozfybDX.cam 


GOOGLE CHROMECAST AUDIO 


If you re keen to embrace high-res audio streaming 
but are already heavily invested in old-fashioned 
hi-fi, this inexpensive dongle will enable you to 
wirelessly stream audio from your smartphone, 
tablet or laptop to your existing amplifier. 

£30, google.com 


SMART LETTERS 


0 ^ 


Teach your kids to read the 
old-fashioned way, using some 
cut-out wooden letters. There’s 
a twist, though: these ones can 
be placed on an iPad screen 
and used to interact with 
kiddy-friendly educational apps 
such as Vooabubble, My Words 
and Alphamonster. 

$34 (£22 approx), 
marbotic.fr 


BLUETOOTH 


SPEAKER 

$59.99 (approx £39), 
ihomeaudioinEJ.com 


UNDER 

£50 


VIEWMASTER VR 


Virtual reality headsets are going 
to be all the rage in 2016, and 
Mattel’s getting in on the act 
with this update of its classic 
Viewmaster. It works with 
all Google Cardboard apps, 
but Mattel’s own apps add an 
augmented reality layer using the 
familiar physical reels. 


Take the hard work out of board games by investing 
in a pair of dice that roll themselves when you click 
your fingers! You’ll have to wait a while, though: 
Boogie Dice smashed their Kickstarter target but 
won’t actually ship until March. 

$22 (£15 approx), facebook.com/theboogiedice 
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instOK 


Olloclip makes many different lenses 
that will boost the photo oapabilities 
of your smartphone or tablet. This 
4-in-1 model for iPhone 6/6S offers 
fisheye, wide-angle, lOx maoro and 
15x maoro options. 

£69.99, olloclip.com 


The EE Rook might not be the most 
cutting-edge smartphone on the market, 
but it is one of the cheapest... and 
with 4G, Android 5.1 Lollipop and 8GB 
of internal storage, it packs more of a 
punch than you might expect. 

£49, ee.co.uk 


Price TBC, 
Ig.com/uk 


From £299, 
apple.com 


£199.99, 

microsoft.com 


FUJIFILM 
INSTAX MINI 70 


The latest addition to Fujifilm’s 
Instax range of instant cameras 
features unashamedly nostalgic 
styling and is available in a choice 
of three colours. It also boasts 
auto exposure control and a ‘selfie 
mirror’ so you can check your 
duck face is looking proper peng 
before you shoot, or something. 

£99.99, fujifilm.com 
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The latest addition to the GoPro range of aotion 
oameras offers the ability to film at 8K resolution, 
as well as shoot 4K Ultra HD video at 60fps for 
ultra-detailed slow-motion footage. 

^ £TBC, gopro.com 


There are lots of waterproof speakers for use by 
sailing buffs and so on... but most involve keeping 
your non-waterproof phone within Blueooth distanoe, 
somewhat defeating the objeot. Not so Drifter, whioh 
has its own built-in player and 16GB of storage. 
$199 (£129 approx), getdrifter.com 


Littlebits is one of the leading suppliers of eduoational 
soienoe toys for kids. This latest set oonsists of 15 
eleotronio blooks whioh young uns oan use to build 
12 different eleotronios projeots inoluding a wireless 
doorbell, a remote oontrol robot and a bubble maohine. 
$200 (£130 approx), littlebits.cc 


This Bluetooth speaker from Ministry Of Sound has 
been built with input from the sound techs that built the 
world famous nightclub’s own sound system, and offers 
15 hours of playback as well as an audio line-in for 
connecting non-Bluetooth devices. 

£129.99, ministryofsound.com/audio 




£619, 

dji.com 


YUNEEC Q500 
TYPHOON 

From £839.99, 
yuneec.uk 


it 


HUBSAN Hill 


£34.99, 

hubsan.com 


104 / FOCUS / DECEMBER 2015 



If this curved, 34-inch all-in-one PC 
doesn’t elicit a gasp of envy from all 
your friends, you clearly haven’t got 
any friends. Comes with Windows 10, 
six B&O speakers and a wide range of 
CPU, RAM and storage options. 
$1,800 (£1,170 approx), 
hp.com/envy 


£ 200 + 


HP 34-INCH ENVY 
CURVED ALL-IN-ONE 


LIGHT L16 


This Android-enabled compact 
camera features no fewer than 16 
different lenses. Every time you 
take a picture, it uses all 16 of them 
- then combines all that information 
into one 52MP shot whose focus, 
exposure, depth of field etc can be 
adjusted, in Lytro-like fashion, after 
the picture’s been taken. 
$1,699 ($1,100 approx), light.com 



DYSON PURE HOT- COOL 

Combining an air filter, heater and bladeless fan 
in one stylish unit, this latest innovation from 
Dyson must surely be the last word in domestic 
climate control - until Dyson comes up with 
another one, anyway. You’ll have to send off to 
Japan to get one, mind you... 

¥74,300 (£400 approx), dyson.co.uk 


LENOVO IDEAPAD 
MIIX 700 

This Lenovo hybrid was designed as 
a more affordable rival to the Surface 
Pro 3, and has proved something of 
a surprise hit thanks to its 12-inch 
display. Core M7 chip and 8GB 
of RAM. 

$699 (£455 approx), lenovo.com 


FW 1 
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ATOMIC FLOYD 
SUPERDARTS TITANIUM 

If these look familiar, it’s because we 
raved about them when they featured 
in our ‘tough earphones’ Ultimate Test 
earlier this year. With great sound and 
Hummer-like build, they’re also the most 
comfortable earbuds we’ve ever tested 
- m aking that hefty price tag actually 
look pretty reasonable! 

£249, atomicfloyd.com 





ASTELL & KERN AK380 

£3,000, 

astellnkern.com 


PIONEER 

XDP-100R 

£499, 

pioneerelectronics.com 
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HOW DO WE KNOW? 



BY KATE RAVILIOUS 

Global temperatures have risen and fallen repeatedly during our 
planet’s long history so should the recent rises be any cause 
for alarm? And are we really to blame for them? 


NCE UPON A time, palm 
trees flourished in the Arctic 
and crocodiles basked on 
Alaskan beaches. There 
was no ice at either of the 
poles, and Earth’s average 
temperature was nearly 23°C 
(today’s average is around 
14.6°C). This was our planet 
56 million years ago, a time 
known as the Taleocene-Eocene 
thermal maximum’. For Earth, global 
warming is nothing new. 

Today, the Earth is warming once 
more. Since 1880, the average global 
temperature has risen by 0.8°C, and 
in recent times warming has really 
escalated, with 10 of the warmest years 
occurring since 2003, and 2014 being 
the warmest year on record. As our 
planet has become hotter, our oceans 
have soaked up the heat, making 
surface waters around 1°C warmer 
than they were 140 years ago. When 
water warms it expands: the sea level 
has risen 17cm over the last century. 
Already low-lying Pacific islands, such 
as the Polynesian island of Tuvalu, are 
struggling with frequent floods. 

Meanwhile on land, glaciers and ice 
sheets are melting all over the world. 
Satellite measurements reveal that 


around 400 billion tonnes of glacier 
ice has gone since 1994. In Tanzania 
the snowy summit of Mt Kilimanjaro 
is shrinking, and estimates suggest 
the glacier may disappear completely 
by 2030. One gruesome side effect is 
the number of dead bodies emerging 
from under the ice - from victims of 
mountaineering accidents in decades 
past, to recent plane-crash victims 
and, in South America, Inca children 
who were sacrificed 500 years ago. 

Sea ice is also disappearing, with 
satellite observations showing that 



People on a flooded street in Tuvalu, where rising 
sea levels are already causing problems 


the area covered by Arctic sea ice is 
now shrinking by more than 10 per 
cent per decade. In recent years, ships 
other than icebreakers have been able 
to glide through the fabled 'Northwest 
passage’ with ease. 

WHAT’S GOING ON? 

These measurements confirm that our 
planet is warming, but what’s pushing 
temperatures up? During Earth’s last 
major warming phase - the Paleocene- 
Eocene thermal maximum - carbon 
dioxide (CO 2 ) was the culprit. The 
splitting of the Pangaea supercontinent 
triggered that warming: as the land 
tore apart, volcanoes sprung up in 
the cracks, frequently erupting and 
belching out carbon dioxide. 

Carbon dioxide is a greenhouse 
gas, as is water vapour, methane, 
nitrous oxide and ozone. These gases 
trap heat in the atmosphere and 
keep Earth warmer than it would be 
otherwise by absorbing heat coming 
from the Earth’s surface. On some 
planets, like Venus, the greenhouse 
effect is massive. There the dense, 
carbon dioxide-rich atmosphere 
elevates surface temperatures up 
to a blistering 460°C. In contrast, ll# 
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Earth’s climate is determined by 
the interaction of a bewildering 
number of different processes. But 
as our abiiity to measure and 
analyse the climate has improved, 
it’s become increasingiy ciear that 
man-made carbon emissions are 
driving rising temperatures. 
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How do we know? 


© planets without greenhouse 
gases, like Mercury, have no 
way of preventing heat escaping at 
night so they experience huge swings 
in temperature: Mercury goes from 
400°C in the day to -170°C at night. 
Without greenhouse gases. Earth’s 
average surface temperature would be 
below freezing but with vast variation 
between day and night. 

The greenhouse effect has helped 
to keep Earth habitable, but the 
geological record reveals that even 
small changes in the proportions of 
greenhouse gases can have a big effect 
on climate. During the build-up to the 
Paleocene-Eocene thermal maximum. 


volcanoes are thought to have pumped 
around five billion tonnes of CO 2 
into the atmosphere, resulting in a 
warming of around 6°C over a period 
of 20,000 years, with seemingly no 
ill consequences. So why is everyone 
fretting about the recent 0.8°C rise in 
average global temperature? 

The answer is the speed of change. In 
the years leading up to the Paleocene- 
Eocene thermal maximum, the planet 
warmed by around 0.025°C every 
century. Today Earth’s thermostat 
is being cranked up by around 1°C 
every century - that’s 40 times faster. 
Meanwhile, measurements show that 
during the 21st Century the burning of 


fossil fuels released around 35 billion 
tonnes of carbon dioxide into the 
atmosphere every year. Volcanoes, by 
contrast, release just 0.2 billion tonnes 
per year. 

The link between burning fossil 
fuels and altering Earth’s climate was 
predicted over a century ago. In 1896, 
Swedish scientist Svante Arrhenius 
realised that the Industrial Revolution 
was altering the chemistry of Earth’s 
atmosphere and calculated how future 
emissions of carbon dioxide might 
alter the surface temperature on Earth. 
Arrhenius showed that burning coal 
would significantly increase the levels 
of carbon dioxide in the atmosphere. 


THE KEY Nearly 60 years ago, US scientist Charles Keeling began monitoring atmospheric carbon 

EXPERIMENT levels in Hawaii, providing the foundation for our understanding of the problem today 


IN 1958, AMERICAN chemist and 
oceanographer Charles Keeling began 
measuring atmospheric carbon dioxide 
concentrations at the remote Mauna Loa 
Observatory in Hawaii. He chose this 
location because it was far from the 
influence of smoky chimneys. By taking 
measurements high on the mountain, in 
the ocean breeze, he could ensure he 
was sampling average concentrations 
over a wide area. Initiai measurements 


reveaied a strong seasonal cycle, with 
levels dipping every summer as plants 
absorbed carbon dioxide. But by 1961, 
his results showed that atmospheric CO 2 
levels were rising steadily. 

At first, his findings failed to attract 
much attention and he struggled to find 
funding. Luckily, he scraped together 
enough money to keep the experiment 
going. Today there are approximateiy 100 
iocations around the giobe measuring 


atmospheric carbon dioxide, but 
Keeling’s long-running experiment 
provides the most convincing proof 
that human activities are increasing 
carbon dioxide levels. The Keeling 
Curve shows that average carbon 
dioxide concentration was 315 parts 
per million by voiume (ppmv) in 1958, 
and that it peaked at 401ppmv in spring 
2014 - higher than at any other point in 
the past 800,000 years. 





Charies Keeiing in the iab where 
he developed the Keeiing Curve 
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How do we know? 


and estimated that a doubling of 
carbon dioxide would cause the 
temperature to rise by around 4°C 
- not far off the predictions made 
by modern climate models. Unlike 
today’s scientists, though, Arrhenius 
concluded that the resultant warming 
would be a good thing, preventing the 
world from entering a new ice age 
and helping crops to grow to feed the 
rapidly increasing population. 


COMPETING INFLUENCES 

Predicting global warming was 
fairly straightforward, but actually 
measuring it hasn’t been quite as 
easy. That’s because Earth’s climate is 
influenced by many factors, including 
cloud, snow and ice cover, volcanic 
activity, ocean temperature, cosmic 
ray flux, distance from the Sun and 
sunspot cycles. Constant changes in all 
of these factors keep Earth’s climate 
yo-yoing up and down. 

For example, after Mount Pinatubo 
in the Philippines erupted in 1991, 
the dimming caused by the ash cloud 
resulted in global temperatures 
dropping by 0.4°C the following year. 
Meanwhile, the periodic warming in 
the western Pacific Ocean known as El 
Nino created havoc in 1997, bringing 
droughts to some parts of the world 
and extreme rainfall to others. Teasing 
out the impact of rising carbon dioxide 
from natural highs and lows of climate 
has proved to be a herculean task - but 
separate studies of global temperatures 
and CO 2 suggest there is a relationship 
between them. 

Back in 1938 a British engineer 
and amateur climatologist called 
Guy Callendar gathered temperature 
measurements from 147 weather 
stations scattered around the globe, to 
try and work out whether the world 
was indeed warming. Although he had 
no data from the Arctic, Antarctic or 
over the oceans, he showed that the 
planet had warmed by around 0.3°C 
over the previous 500 years. 

Callendar’s calculations reignited 
the debate over whether CO 2 emissions 
could change Earth’s climate. But his 
evidence failed to convince people, 
partly because global warming 
ground to a halt around 1940 and 
temperatures plateaued until the 
mid-1970s. Furthermore, most people 
believed the oceans would mop up 
most of our excess carbon emissions. 

This relaxed attitude to carbon 
emissions began to change in 1957, 


CAST OF 
CHARACTERS 


Five innovative scientists who helped us 
understand how Earth s climate works 


Svante Arrhenius 

In 1896 this Swedish 
scientist realised that 
the burning of coal 
would increase carbon 
dioxide and enhance 
the Earth’s greenhouse 
effect. He estimated 
that a doubling of 
carbon dioxide would 
lead to a temperature 
rise of around 4°C - not 
far off the predictions 
made by modern 
climate models. 


Joseph Fourier 

The greenhouse effect’, 
as it’s now known, was 
discovered in 1824 
by French physicist, 
Joseph Fourier. He 
calculated that the 
Earth should be colder 
than it actually was if 
it was only warmed by 
solar radiation. 


James Lovelock 

An independent 
British scientist who 
developed Gaia theory 
in the 1960s. This is 
the idea that Earth is a 
living system, and that 
life on Earth interacts 
with its surroundings 
to keep the planet 
habitable. Crucially, 
the theory has led 
to the prediction of 
‘tipping points’ in 
Earth’s climate. 




Roger Revelle 
(pictured) and 
Hans Suess 

Together, these US 
scientists overturned 
previous assumptions 
and showed that the 
oceans would not be 
able to absorb all of 
the additional carbon 
dioxide that burning 
fossil fuels was adding 
to Earth’s atmosphere. 


James Hansen 

Outspoken US scientist 
and climate activist 
who produced the 
first climate model 
prediction in 1988. In 
the same year, Hansen 
gave a testimony before 
the US Congress saying 
that it was “99 per 
cent certain that the 
warming trend was 
not a natural variation 
but was caused by a 
build-up of CO 2 and 
other artificial gases in 
the atmosphere.’’ 
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How do we know? 



A brief history of climate change and carbon 
emissions, from the steam engine to Al Gore 


British ironmonger 
Thomas Newcomen 
invents a steam engine 
for pumping water out 
of tin and coal mines. 
This is the first step 
on the road to the 
Industrial Revolution. 


German engineer 
Karl Benz is granted 
a patent for his first 
automobile. By 1888 his 
‘Motorwagens’ are on 
sale to the public; the 
motoring era has begun. 


British engineer and 
amateur climatologist! 

Guy Callendar shows that 
the planet has warmed 
by around 0.3°C over the 
previous 50 years. 


American scientist 
Charles Keeling 
shows that 
levels of carbon 
dioxide in Earth’s 
atmosphere are 
rising steadily. 


ThelPCC’s4th 
Assessment Report 
states: “It is extremely 
likely (over 95 per 
cent) that human 
activities have exerted 
a substantial net 
warming influence on 
climate since 1750.” 


The Nobel Prize for 
Peace is awarded 
jointly to the IPCCi 
and former US Vicel 
President Al Corel 
(pictured), for thejrl 
efforts to obtain 
and disseminate 
information about thb 
climate challenge. 


O after US scientists Roger Revelle 
and Hans Suess managed to track 
the lifetime of carbon molecules in 
the ocean using radiocarbon dating. 
They showed that most carbon dioxide 
absorbed by the ocean evaporated back 
into the atmosphere after a few years. 

Soon after, another US scientist, 
Charles Keeling, began measuring 
atmospheric CO 2 concentrations at 
the remote Mauna Loa Observatory 
in Hawaii in 1958. His initial 
measurements revealed a strong 
seasonal cycle, with carbon dioxide 
levels dipping every summer as plants 
absorbed the gas. But by 1961 he was 
also able to show that carbon dioxide 
levels were steadily rising. 

Today, Keeling’s long-running 
experiment provides the most 
convincing proof that human activities 
are increasing carbon dioxide levels. 
The Keeling Curve shows that in 
1958, the average carbon dioxide 
concentration was 315 parts per 
million by volume (ppmv), and 
that it peaked at 401ppmv in spring 
2014. Meanwhile, measurements of 
gas trapped in air bubbles in polar 
ice cores show that the average 
concentration of CO 2 during the last 
10,000 years has been between 275 
and 285ppmv, and it’s only since the 
19th Century that levels began to rise 
sharply. This rise in atmospheric 
carbon dioxide is also reflected in 
the oceans, where the dissolving of 
carbon dioxide has increased acidity of 
surface waters by around a third since 
the start of the Industrial Revolution. 


UNNATURAL CHANGE 

But rising carbon dioxide alone didn’t 
prove that the climate is changing, or 
that man was responsible - stronger 
evidence was required. By the mid- 
1970s global temperature began to 
rise again, after a 35-year hiatus. It’s 
now believed that temperatures were 
suppressed during this period by the 
particles and soot released by burning 
fossil fuels, which reflected more solar 
radiation back into space. 

During the 1980s there was still 
much scepticism that global warming 
was real, but there were some 
strong dissenting voices. In 1988 US 
climatologist James Hansen produced 
the first climate model prediction and, 
in the same year, gave a testimony 
before the United States Congress 
saying that it was “99 per cent certain 
that the warming trend was not a 
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NEED TO KNOW 

A handy glossary of terms for 
understanding climate change 


1 GREENHOUSE GAS 

-L A gas that traps heat in the atmosphere 
and keeps Earth warmer than it would 
otherwise be, by absorbing heat ooming 
from the Earth’s surfaoe. Examples inolude 
methane, ozone and oarbon dioxide. 


o SUPERCONTINENT 

O A vast landmass made up of most of 
Earth’s oontinental blooks. Superoontinents 
have formed at least seven times in 
Earth’s history, the most reoent being the 
superoontinent of Pangaea, whioh started 
to break up around 180 million years ago. 


^RADIOCARBON DATING 

± A means of oaloulating the age of 
anything oontaining oarbon by assessing 
the amount of radioaotive deoay, 
developed in the late 1940s. 


[T TIPPING POINT 

An abrupt ohange in global olimate 
from one stable state to another. 

Some tipping points are thought to be 
irreversible, oomparable to tipping over a 
glass of wine: standing the glass baok up 
won’t return the wine baok to the glass. 


natural variation but was caused by a 
build-up of carbon dioxide and other 
artificial gases in the atmosphere.” 
Some politicians, including British 
Prime Minister Margaret Thatcher 
(who had a degree in chemistry), were 
convinced by the threat. In a speech to 
the United Nations in 1989, Thatcher 
said: “We are seeing a vast increase in 
the amount of carbon dioxide reaching 
the atmosphere. The result is that 
change in future is likely to be more 
fundamental and more widespread 
than anything we have known 
hitherto.” At the same time, she called 
for a global treaty on climate change. 

But many didn’t trust these 
predictions, and insisted that the 
changes in climate could just be 
part of natural variability. In 1988 
the Intergovernmental Panel on 
Climate Change (IPCC) was formed 
to monitor and assess the evidence 



How do we know? 


British economist Sir Nichoias Stern, speaking at a press conference on his report ‘The Economics of Ciimate Change’ 
in 2006. The report highlighted the importance of dealing with climate change sooner rather than later 


that the climate was changing. It took 
until 2007 for the IPCC to gather 
enough evidence to state conclusively 
that it was exceedingly unlikely - 
less than a 5 per cent chance - that 
natural variations were causing the 
changes we were seeing. In other 
words, after running thousands of 
climate simulations of the last century, 
scientists had found that today’s 
climate only emerges naturally in five 
out of every hundred runs. In their 2007 
Fourth Assessment Report, the IPCC 
stated: “It is extremely likely (over 95 
per cent) that human activities have 
exerted a substantial net warming 
influence on climate since 1750.” 

Although not 100 per cent proven, 
the links between human activity and 
global warming are now compelling 
enough for economists to sit up 
and take notice. In 2006 British 
government economist Nicholas Stern 
published a review which concluded 
that, if left unchecked, the cost of 
climate change will be equivalent 
to losing at least 5 per cent of global 
gross domestic product each year. 

By contrast, his calculations suggest 
that curbing climate change would 
cost around 1 per cent of global gross 
domestic product. Not everyone agrees 
with Stern’s figures, but most accept 
that climate change will be cheaper to 
tackle now rather than later. 

Today, the major concern is how 
much climate change we’re committed 
to. In the 1960s James Lovelock, 
a British scientist, developed Gaia 
theory - the idea that Earth is a living 
system, and that life on it interacts 


with its surroundings to keep the 
planet habitable. Gaia theory was 
greeted with scepticism initially, but 
it has gained credibility and today 
a number of scientists are worried 
about what happens when the Earth 
is pushed too far. Gaia theory suggests 
that climate change doesn’t always 
happen smoothly and sudden leaps 
should be expected. We refer to these 
abrupt changes as Tipping points’. For 
example, there is concern that if the 
Arctic is warmed enough it could lead 
to methane bubbling out of previously 
frozen soil. The consequences of such 
a huge pulse of greenhouse gas would 
likely occur very fast and perhaps lead 
to irreversible climate change. 

Earth has seen extremes in climate 
before, from when ice stretched all the 
way to the equator, to when palm trees 
flourished in the Arctic. But never has 
its climate been pushed as fast as it is 
today. In 1957, Roger Revelle wrote: 
“Human beings are now carrying out 
a large scale geophysical experiment.” 
Today the experiment continues, but we 
still have little idea of the outcome. ■ 


KATE RAVILIOUS is a freelance science 
journalist. She is based in York 



Listen to Changing 
v^LJD Climate Change on 

SHWICE 

BBC World Service 

from 18 November 
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Explore the night sky over the next 12 months with 
BSC Sky at Night Magozme^s Yearbook 2016. This 
indispensable astronomy bible contains a full year 
of stargazing tips, projects and how-fo guides, plus 


amazing images and dates for all the astronomical 
events you can^t afford to miss. Each month of the year 
comes complete with its own detailed star chart to 
point you towards the best views. 


PRE-ORDER YOUR COPY TODAY 
www.buysub$cription$.com/yearbook2016 

Alternatively call 0844 844 0254* and quote ^SKBHA16' 

tCofls will cost 7p |Mr plui your telepbone compdny^s oc(£ti5S tborgo. Lines dre open &din-flpin woekdbyi & 9om-lpin Soturdoy 

'Prices infludjing postage one: £9.49 for oil UK rosidcntSp £10.99 Europe and £11 .49 for Rest of World. Your ropy wil be dtspdtthed when ovoiEable from 27th November 2015. 






TO DO LIST 

PLAN YOUR MONTH AHEAD WITH OUR EXPERT GUIDE 


s WATCH 
• LISTEN 
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Tomorrow’s 

Food 






Deadly 60 

Steve Backshall gets up 
close and personal with 
snakes, crocodiles, eels 
and more. p114 



O WITH THE GLOBAL population expected to 
reach 9.7 billion by 2050, and much of that 
growth happening in the poorest countries, the race 
is on to find new ways to feed the planet. From 
lab-grown meat to desert-dwelling farms, this new 
three-part series looks at some of the ways in which 
science is transforming what’s on our piate. 

Anchored by Dara 0 Briain, Tomorrow’s Food 
expiores the technologies that are finding their 
way into our farms, supermarkets, kitchens and 
restaurants. Michelin-starred chef Angela Hartnett 
reveals how 3D printing is revolutionising the food 
industry, and asks whether the burgers of the future 
will be more mealworm than meat. 

Meanwhile, technology expert Dr Shini Somara 
has some good news for those with a sweet tooth. 
We might soon be abie to harness the power of 
the miracle berry: a West African fruit that has the 
bizarre property of making sour foods taste sweet. 

“I chewed on some iemon, and it tasted like 
lemonade,” says Shini. 

This is ali down to a protein in the berry caiied 
miraculin, which binds to the taste buds and aiters 
the perception of any subsequentiy eaten foods. The 


idea is that this protein could be used as a natural 
sweetener, reducing sugar intake around the worid. 

“It’s very expensive to grow these berries, but 
scientists are trying to impiant the protein into 
tomatoes, which are much easier and cheaper to 
grow,” says Shini. 

Eisewhere in the series, greengrocer Chris 
Bavin iooks at some of the ways in which farms 
are embracing the future, from those whose crops 
never see the light of day, to those that use robots 
to do the dirty work. One such robot is the ‘Shrimp’ - 
an automated farmhand that performs manuai tasks 
such as watering, mowing and herding cows. 

But if you want to see a robot in action, soon you 
might need to go no further than your iocai fast food 
joint. In Tokyo, Shini visits a restaurant where the 
food is cooked and served by automatons. Domo 
arigato, Mr Roboto. 

JAMES LLOYD 



Watch Tomorrow's Food on 
BBC One this November Check 
Radio Times for full details 




Christmas 

Lectures 

Spooked by space after 
The Martian? Kevin Fong 
reveais how we can cope 
in the cosmos. p115 


(VaLUNG 

0U|SEVES 

m /= 

Evolving 

Ourselves 

According to a new book, 
we might stiii be evolving. 
Now take your knuckles 
off the floor! pll6 
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To Do List 



WATCH 


TV & ONLINE 

WITH JAMES LLOYD 



FROM 16 NOVEMBER 


Deadly 60 

Eden, 8pm 


22 NOVEMBER 


Wild Yellowstone 

Nat Geo Wild, 6pm 


STEVE BACKSHALLGOES in 
search of the animals you’d least 
like to meet. Great white sharks, 
crocodiles, electric eels, charging 
rhinos... Steve (pictured below) 
gets up close and personal, 
travelling the world so that we 
can enjoy them from the safety of 
our sofa. Pass the popcorn. 


THIS TWO-PART series follows 
a year in the life of the 
creatures that call Yellowstone 
home, from the red foxes 
and river otters that battle 
through the winter to the 
hummingbird that’s fighting to 
protect its summertime 
territory of wildflowers. 



Explorer: Bill Nye’s 
Global Meltdown 

National Geographic, 8pm 

HOW OAN WE overcome the 
antipathy towards global 
warming? Bill Nye the Science 
Guy has a unique approach, 
exploring five stages of climate 
change grief with his ‘therapist’ 
Dr Arnold Schwarzenegger. 

The journey takes him from 
denial to acceptance as he 
investigates how we can heal 
our ailing planet. 


Racing Extinction 

Discovery, 9pm 

AOOORDINGTOMANY 
scientists, we’re currently 
experiencing one of the most 
catastrophic extinction events 
in our planet’s history. This 
impassioned new film from the 
team behind the Oscar-winning 
The Cove shines a light on two 
of the major threats to 
endangered species: the 
international wildlife trade and 
the damage being done to the 
planet by us humans. 



Atmosphere Week 

BBC Worid Service, 14-20 November 

O THE UN OLIMATE Ohange 
Oonference is soon taking 
place in Paris. In the run-up, the 
BBO World Service has dedicated a 
week of programming to the layer 
of gases that keeps us all alive. 





Expect thelatest news 
on vehicle emissions 


i) TOUCH 

SMARTPHONE & TABLET APRS 

WiTH KATE RUSSELL 


Khan Academy 

iOS 7.0 or later, iPhone/iPad/iPod Touch, Android 4.1 or iater, free 

SALMAN KHAN BELIEVES that 
learning should be free to all, which 
is why he started educational 
website the Khan Academy. Now, 
the redesigned app allows you 
to learn on the go. It provides 
access to over 10,000 videos 
and explanations at all levels of 
experience, with science and 
maths being two core disciplines covered. There are quizzes to 
help solidify the lessons, plus 150,000 maths exercises for those 
who fancy giving their number-crunching skills a workout. 



Star Walk 2 

iOS 7.0 or later, iPhone/iPad/iPod Touch, Android 4.0 or iater, 
Vito Technoiogy, £2.29/22.02 


THE BEST-SELLING app Star Walkhas now been 
upgraded to include stunning animated graphics 
of the constellations, plus oodles more new 
features to feed your passion for the night sky. 
The augmented reality view shows the star map 
overlaid through your device’s camera, and you 
can zoom right in to take a closer look at other 
planets in the Solar System, as well as distant 
galaxies and nebulae. With the ‘Planets’ in-app 
purchase for an extra 79p, you can also explore 
eye-popping 3D models of celestial objects such as satellites, 
comets and asteroids. 



The Earth 

iOS 7.0 or later, iPhone/iPad, Tinybop, £2.49 



THIS IS A charming interactive app for 
children aged four and up to learn all 
about the inner workings of our planet. 
Unlike other apps aimed at this age 
range, the facts aren’t spouted out by 
a cutesy cartoon character. Instead, 
it’s all about discovery. You can trigger 
earthquakes, erupt volcanoes, and 
manipulate the forces of geology. The 
app is engaging, but kids will get more 
out of it if there’s an adult playing with 
them to talk through what’s happening. 


KATE RUSSELL is a technology journalist and C//c/c presenter 
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20 & 21 NOVEMBER 


An Evening With The Stars 

Royal Observatory Greenwich, 5:25pm-7:25pm & 6:45pm-8:45pm, £18, 
advanced booking essential, rmg.co.uk 

QUIZ ASTRONOMERS WITH your questions and soak up the stars 
as you peer through the gigantio Great Equatorial Telesoope. 



24 NOVEMBER 


Think Space Lecture 

Royal Observatory Greenwich, 7pm-8:30pm, £6, rmg.co.uk 


AT THIS LEOTURE, find out about the latest researoh in astrophysios. 



Royal Institution Christmas Lectures: 
How To Survive in Space 

Royal Institution, London, 6.30pm-10.30pm, £12, rigb.org 


24 NOVEMBER 


Crack The Case 

Museum of London, 7pm-10pm, £36, museumoflondon.org.uk 

TRY OUT MODERN modern orime-prevention teohniques at this 
event, whioh aiso takes plaoe on 16 Deoember. But don’t kid yourself 
that you’re ready to fill Oumberbatoh’s shoes just yet. 


O IN THE MOVIE The Martian, Matt Damon oould have 
done with a few tips from Kevin Fong (piotured above) 
on how to survive in spaoe. If you oan’t get your hands on 
tiokets to see Fong live in aetion at this year’s Ohristmas 
Leotures, why not go behind the soenes instead? Sneak into 
leoture rehearsais, then take a peek in the workshop to find 
out how the demonstrations oome to life. The Ohristmas 
ieotures wiii be broadoast on BBO Four over the festive 
period - oheok the Radio Tinnes for more details. 



26 NOVEMBER 


Crucial Interventions 

Wellcome Collection, London, 7pm-8pm, free, 
wellcomecollection.org 


MMiiiMi'M 

The Search For Life in The Universe 

Royal Astronomical Society, London, 1pm-2pm & 6pm-7pm, free, ras.org.uk 


THE STUNTS SEEN on Jackass are nothing oompared to the pain 
infiieted by 19th-Century surgieai impiements. Join historian Riohard 
Barnett and see some unnerving materiai up elose. Ouoh! 


28 NOVEMBER 


Saturday Studio: Game-Making Workshop 

Wellcome Collection, London, 2pm-5pm, free, wellcomecollection.org 

AVID GAMERS WILL love this drop-in session, and wiii even have 
the ohanee to design their own simpie game. 


AT THIS TALK, disoover how we use ‘extreme’ life forms on Earth 
to prediot what iife might be like in the oosmos. 


10 DECEMBER 


Christmas Lecture 

Royal Observatory Greenwich, London, 7pm-8:30pm, £8, rmg.co.uk 

FIND OUT WHY oomet 67P/Churyumov-Gerasimenko is nioknamed 
‘the rubber duok’ at this taik by TV presenter Dr Monioa Grady. 



3 DECEMBER 


Big Bang Data 

Somerset House, London, £12.50, somersethouse.org.uk 


AT THIS EXHIBITION, whioh runs until February 2016, disoover 
a diverse oolleotion of data-driven artworks. 



UNTiL 2 FEBRUARY 


Hubble At 25 

Life Science Centre, Newcastle, life.org.uk 


THE HUBBLE SPACE Telesoope eompletely ehanged the way we 
see our Universe. Celebrate 25 years of its inoredibie images at this 
pianetarium show, whioh is inoluded in the oentre’s admission prioe. 
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m READ 

THE LATEST SCIENCE BOOKS REVIEWED Hardback p Paperback 


Evolving 

Ourselves: 

Juan Enriquez and Steve Gullans 
Oneworld £12.99 

ARE HUMANS STILL evolving? Given our 
ingenuity and the myriad ways we’ve 
found to outwit the whittiing foroe of 
naturai seleotion, it oan sometimes feel 
like the answer is ‘no’. But, aooordingto 
future-thinking venture oapitaiists Juan 
Enriquez and Steve Gullans, human 
evolution is not just stiii ooourring: it’s 
taking piaoe faster than ever before, and 
we’re the reason why. 

“Over the past oentury, as our speoies 
grew by biiiions, oonoentrated in oities, 
smartened, and domestioated itself and 
its surroundings, we beoamethe 
fundamentai driver of what iives and 
dies,’’ they write. Through this ‘unnaturai 
seleotion’, Enriquez and Gullans elaim that 
we’ve ended up evolving ourseives. 

We have oertainiy ohanged a iot. Over 
severai enthraiiingehapters, the authors 
iiiustrate the dramatio extent of our 
power to transform. An area equivaient 
to the whole of South Amerioa is under 
eultivation to provide food for ourselves 
and our animals. We are in the midst of 
an autism epidemio. Aiiergies are fiaring 
up as never before. Globai obesity is 
baiiooning, fed by “tidai waves of naohos 
and pizza”. We are moving into oities. “It 
would be surprising if suoh massive 
ohanges did not iead to rapid adaptation 
and ultimately speoiation,” they write. 


"Evolution is not 
Just still ooourring: 
it’s taking piaoe 
faster than ever 
before, and weVe 
the reason why” 





How a turn I Select ioii 
Nanriiindoni Miatitivn 
ire Life on Earth 



DURS^VES 

E^K 



0AN El 
I STEVJ 


IQUEZ 
I LL ANS 


In addition to unnaturai seleotion, 
Enriquez and Gullans suggest another 
foroe that’s driving human evolution. Our 
abiiity to oreate ‘non-random mutations’, 
tinkering with the very materiai of 
inheritanoe, must be taking the human 
genome in a new direetion, they assert. 

The authors entertain some waoky but 
piausibie future seenarios, prediotingthat 
we’ll soon be editing our genomes and 
wiring up our brains to oomputers. They 
aiso veer into the reaim of soienoe fiotion, 
antioipating a worid in whioh we’ll be 
oloning ourselves and transplanting 
emotions, memory and oonsoiousness 
into these brave new brains. 

Aii of this makes for fasoinating 
reading, but Enriquez and Gullans seem 
to be living in some kind of magio 
soientifio bubbie, free from the messy 
infiuenee of the rest of human sooiety. 
Sure, we are ohanging ourselves and our 
planet in terrifying, fabulous ways. But 
ohange is a far ory from adaptation and 
speoiation. Oniy time (and a dose of good 
old Darwinian naturai seleotion) wiii tell 
whether any of this ‘unnaturai seleotion’ 
or ‘non-random mutation’ amounts to 
anything approximating evolution at all. 


HENRY NICHOLLS is a freelance science 
writer and BBC radio presenter 


MEET THE AUTHOR 



Steve 

Gullans 


What do you mean by the term 
‘unnatural selection’? 

We use this term simpiy as a contrast to 
the naturai worid, to describe the 
human-created changes that now 
dominate the pianet. 


Where do we see this happening? 

The animais and piants that survive in 
cities did not exist in their current state in 
Darwin’s time. Our pets would not survive 
in the savannahs of Africa - we’ve 
created many breeds that are not part of 
the naturai worid. In humans, we’ve seen 
increases in inteiiigence, height and other 
traits over the past 50 years. Darwin’s 
theory is generaiiy appiied over iong 
periods of time, but scientists are finding 
that evolutionary change can occur 
quickiy, over a few generations. 


What’s the most remarkable way in 
which humans are changing? 

I think it’s the way our diets have changed 
today compared to 150 years ago. We 
now know that the microbes in our gut 
are very responsive to the food we eat, 
which is nothing iike the primitive food 
that our bodies iearnt to accommodate. 
These bacteria make hormones and 
vitamins for our hearts and brains, and 
studies show that what you eat is having 
a much ionger-term impact than you 
appreciate, being passed on to your 
chiidren through signatures in your DNA. 


Do you think humans will eventually 
evolve into separate species? 

We aiready see people break up into 
different sociai structures. So when 
changing a trait is as easy as getting a 
tattoo, you wiii find people who will 
experiment. We might not caii it a new 
species, but self-segregation of people 
with different traits is inevitabie given the 
technologies we’re looking at in the future. 
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Thing Explainer: Complicated 
Stuff In Simple Words 

Randall Munroe 

John Murray ’ '£16.99 



Hamburgers In Paradise: The 
Stories Behind The Food We Eat 

Louise 0 Fresco 

Princeton University Press ll £27.95 



Atmosphere Of Hope: 
Searching For Solution 
To The Climate Crisis 

Tim Flannery 


STUFF IN TFIE Earth we can burn (oil), big 
tiny thing hitter (Large Fladron Collider), 
and bags of water you are made of (cells), 
are some of the things Randall Munroe 
explains with blueprints and 1,000 of the 
most common English words. 

Munroe once worked for NASA and 
now draws cartoons for the website xkcd. 
Fie admits to spending a lifetime worrying 
about sounding stupid. Using big words 
has helped him feel better. In this book, he 
wanted to write about ‘cool ideas in new 
ways’, without using big words. 

To explain biological cells, Munroe uses 
a smart picture with parts dumbly labelled 
‘strange boxes’, ‘bags of death water’, 
‘empty pockets’, ‘things that make you 
sick’ etc. Such contrived simplicity fails to 
tell us the function of cells as tiny chemical 
factories. A chart called ‘the pieces 
everything is made of is the Periodic 
Table. Explaining 118 elements in terms of 
‘metal we add to other metals’, ‘rock that 
makes glass blue’, ‘the stuff teeth are 
made of is certainly new. It is not cool. 

If science is not your bag. Thing Explainer 
can mislead you and make you feel stupid. 

If it is, the book might make you feel cross. 
Nice idea. Smart pictures. Dumb words. 


“THE HAMBURGERIZATION OF the world is 
a fact,’’ states Louise Fresco. According to 
Fresco, the hamburger symbolises a 
global aspiration for a “Western, free, and 
carefree way of life’’. It also represents the 
dangers of excess and the shift to high 
consumption of animal proteins. 
Hamburgers In Paradise covers topics 
from sustainable food production to 
biotechnology. Fresco sets out a ‘Paradise 
Theory’ to explain why we have a complex 
relationship with food, seeking abundance 
yet longing for a lost ‘idyllic’ way of life. 

I was interested to learn that as an 
occasional meat-eater I am a ‘flexitarian’. 

I then felt quite smug, as Fresco calls for 
a reduction in meat consumption, driven 
by concerns for the environment, animal 
welfare and public health. 

Fresco’s ideas are interesting, yet her 
verbose text can be frustrating. One 
particular phrase jumps out: “The words 
‘Dinner’s ready’ denote a state of mind 
determined by the topography of the 
table’’. Put simply, where you sit in relation 
to your dining companions affects your 
social interactions. While the full text may 
prove indigestible, this book has plenty of 
nuggets to nibble on. 


Penguin ' P £6.99 

SCIENCE WRITERS DON’T come much 
better than Tim Flannery. After The 
Weather Makers, his lucid study of climate 
change published a decade ago, Richard 
Branson asked him to help judge a $25m 
award to find a way of removing a billion 
tonnes of carbon dioxide (COp from the 
atmosphere. Nobody has won yet, but the 
ambitions of the 11 finalists form the heart 
of this dose of climate optimism. 

Giant air conditioners, powered by 
wind, could turn the atmosphere’s CG 2 into 
dry ice over the frozen wastes of 
Antarctica. Cr we could give nature a 
helping hand by creating seaweed forests 
across the world’s oceans. The holy grail 
might be combining wood-burning power 
stations with chemical capture of their 
emissions. Provided you plant new trees, 
the result would be an energy industry 
that generates electricity by sucking CG 2 
out of the air. Such ideas may sound mad. 
But Flannery says they “have 
fundamentally altered my perception 
about how we might respond to the 
climate crisis’’. The tools to avoid climate 
disaster exist, he says. “We can do it.’’ 


CHRISTINE EVANS-PUGHE is a freelance 
science and technoiogy journaiist 


EMMA DAVIES is a freelance writer with a FRED PEARCE is a science writer 

background in chemistry and food science whose iatest book is The New Wild 



The Brain: The Story Of You 

David Eagleman 

Canongate^. £20 


DAVID EAGLEMAN’S BOOK The Brain: The 
Story Of You is an informed, digestible 
travelogue about the territory between brain 
and mind. Neuroscientist Eagleman covers 
the ground efficiently - how the brain is 
‘wired’ to further our chances of survival: 
how baby brains develop and teenage ones 
erupt: the weird quirks of human memory 
and the strange processes that underlie the 
apparently simple act of perception. He 
visits consciousness and raises (then 
ducks) the thorny question of free will, then 
strides on to cover the social brain, empathy 
and a possible future in which the mind 
blends seamlessly with digital technology. 


Eagleman outlines fascinating stories and 
studies. There is the experience of Mike, for 
example, who gained sight after 40 years of 
blindness, but still prefers to ski blind. 

There is something disappointing about 
this book, though. Eagleman has a rare 
ability to combine science with literary 
panache, but you don’t see much of that 
talent here. If you want Eagleman at his 
best, then pick up a copy of Sum - his 
brilliant collection of short stories. 


RITA CARTER is a lecturer, writer and 
broadcaster who specialises in the brain 
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ASTRONOMY 






Micro Fi 




TECHNOLOGY 


Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 

David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire LU7 4UH 

Celestron® and TetraView™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in 
dozens of other countries around the world. All rights reserved. Samsung is a registered trademark of Samsung Electronics Co., Ltd. 
AppStore is a registered trademark of Apple Inc. Google Play is a registered trademark of Google Inc. 


See mote with Celestron 

ujujuj.celestron.uk.com 


Celestron Microscopes 
are available from 


Stream. Capture. Share. 

Micro Fi is a Wi-Fi enabied handheid 
digitai microscope that enabies you 
to view the microscopic worid right 
on your smartphone 
ortabieti 


The professional-level Celestron TetraView LCD 

is a touchscreen digitai microscope with advanced 
features at a reasonabie price. TetraView features four 
fuiiy achromatic iens objectives, a fuiiy mechanicai 
stage, a 4.3" TFT fuii coiour touch screen, 5 MP CMOS 
sensor, and a 2 GB SD card for storing your photos 
and videos. Taking high-resoiution images and video 
of specimen siides has never 
been easier. 


UGE 


01502 725205 

and specialist dealers nationwide 


Handheld 

ProSMP 

Digital Microscope 

Easy to use, iow-power 
microscope with 
a iarge 5.0 MP 
sensor and stand. 


CELESTRON 

TECHNOLOGICALLYSUPERIOR 


Digital Microscopes 


GYROSCOPE.COM 

The Super Pfeqlsion Gyroscope has desiprvad duill ID the highest preoi- 
aiDfi from ihe very start, niade from golid brass with a lieht-we^ahi siuminlum frame. 



This beeuLitufiy rtiabe stmafi sporie car ASA is a homaga to tha 
^rst Mercedes vehide. it is powered by e SEiriing Engine lAnlh lis 
Mi source being a smell aibohoi burner. Made of TOO parts. 
Rsady Ip run. 



Careluliy chosen stainless- steel miniature bail bearings allow it le run smoothly end 
almost silently. The gyroscope operaies at over i^,qod rpm usJng The provided 
elect ric meter artd ballery pack. The gyroscope comes with a number o1 attach- 
ments allowing numerous con^gyrsilons to paflorm scientific, educaltonat or sirnply 
mesmerising experiments The brass disk Is machined to 
microns precision, ensunng the is Incred' 

Itriy symmstflcal and well baianced. Tha 
disk Is then computer balanced to an 
Impressrve 2S0th of a gram accun&cyt 
Thus giving The gyroscope a highly 
balanced, -Siiiiflr smooth feai. 
longer spin sfrdi even quieter 
operation. Visit 

www.gyrosCope.cam for detajts 
and to sea our other productfi. 


Tel 0845 838 1555 



These miniature 3cc V-Twin conribuatton. aoginea run off butane 
Or prnpana gas- They are small enough to run on your desk end 
have an awesome v-iwm sound, Just turn tha vaiva and tiich the 
tiywheel to gel il started 

This Vuioart stove fan is drtveo liSlng Stirling engine l^hnoiogy 
using jjUst the heat from a. stove- it raQutres no external povirer 
source such S& batteries dr AC power. The M ciTCuliles tne 
siove's warmth quiaily. efficiently arnt pnexpensively. 

Newly invented, this iraclor beam magnet contains a number of 
magnets in a special arrangemenl. The spefliel arrar^menL 
creates a unique magnetic field that can hold another magnet a 
fixed distance away. 

This IS a Hero Sleam turbine. Syringe m some water, Fill the 
bumar with mailrylBted spirits and iighl it. Momenls later you 
have a steam lufbtne lunnlng, Two tiny leis of sieaim coming out 
ol the srde of Ihe brass ball spins it up to 2500rpm. 

These are highly polished solid metal flip over tops. They have a 
chrome like fleish and are excelisnllv machined- Simply spin it 
as normal and walch U suddenly llip over and then continue to 
flpm upside-down. 

FerroTluid Is a mnny fluid that Js magnetic. Hold a magnet to it 
arrd waich how It reacts. Some pi the shapes you are cen create 
megmerizing. 


For advertising enquiries please email: Jenna-Vie.Harvey@immediate.co.uk or call: 0117 314 8369 








Y 


SCIENCE TOY 


BF-11 


DISCOVER 

NEW WONDERS 

OF DNA 



£190 




Wireless speaker with WiFi, Bluetooth andAUX input 

Stream high quaifty sounds via Wift or smart erthar]ced range 
bluetooth aptX^ (Outstanding Bluetooth Stereo quality). 

Free stream via WI-FI Music' App & other compatible Apps. 

W-Fi Station mode (WPS/QSS) and Wi-Fi APmode available 
(without intemet/network) 


wwwxocktailaudioxo.uk info@cocktaitaudioxo.uk 0208 942 0111 


AT THE 
DNA STORE! 

toys, baUoons, neckties, 
art, earrings, mugs, 
models, coins, stamps, 
cards, roadsigns, jewelry 
pucdes, most anytMng 
you can Imagine! 


thednastore.com dna.science 
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PUBLISHERS 


FURNITURE 


■ 



LOOKING TO BE PUBLISHED? 

Submissions and samples 

WELCOMED. ALL WORK. 
CONSIDERED, NO AGENT 
REQUIRED. 

AUSTIN MACAULEY 



PUBLISHERS 


L T n. 


CGC-33-Ot. 25 Canada Square 
Canary Wharf, London, E14 5LQ 
Tel: 0207 038 8212 
www.austinmacauley,com 
mail@austinmacauley.coni 


EDUCATION 


Distance Learning Courses 

UVERPOOL 

JOHN MOORES 

imn/eneFTY 1 

Masters Courses 

Starts 

MSc Astrophysics 

Sept 

MSc Observational Astrophysics 

Sept 

Some of our short Courses 

An Introduction to Astronomy 

Science with the Liverpool TelescdpsH^Hjj^ 
The Science of the Night Sky 

Starts 

Sept 

Oct 

Nov 

* High Energy Astrophysics • ‘ 

Jun 

astronomy^^Q astro-distance@limu.3c.uk / 0151 231 29p0 


O 


IAN EDWARDS 

OF HARROGATE E. im 

T.1, 01423 500442 

for soles/enquiries or FR€€ brochure coll - 01423 500442 
iuutiiiu,iorubes|»okefuTn i lurexo. vk 



Hondmod© Bespoke Furniture 

for CD s ■ LFs ' DVD's Bcaoks 

Th€; Old ChopeL 282 SNipton Rood. 
Horrogote, Vorkshirs HGl 3HC 












GIFTS FOR CHILDREN 



ROCKETS 


Children s Magazine 

Join our quest for knowledge! 
AQUILA makes an excellent gift - no ads, 
fads or swtpey buttons. Just serious fun 
for the whole family. 


V '* Is 


aquila.co.uk 


Science, 
History & 
Big ideas 
for 8-12 
year olds 









Supplying all your rocket needs 
for 15 years and counting. 
Providing everything you could 
need to fly rockets. 


Rocket motors • Rocket kits 
Rocket parts • HPR • Recovery 
Electronics • Ground support 
Flight support • Literature 


We stock... ACME Ae restructures, Aerotech, BSD Rocketery, Cesaroni, DYNA-STAR, 
Estes Rockets, Fliskits, G-Wiz Flight Computers, JB Weld, LOC Precision, 
Orbital Engineering, PerfectFlite, Pratt Hobbies, Rebel Rocketery, Rockets & Things, 

Rowes Retainers and The Launch Pad. 


MobUe: 07973 545475 1 Teb 01293 517857 


16 Breydon Walk, Furnace Green, Sussex RHIO 6RE 

www.roGketsandthiiigs.GOin 


For advertising enquiries please email: Jenna-Vie.Harvey@immediate.co.uk or call: 0117 314 8369 









Solve puzzles from BBC Only Connect 
hosted by Viotoria Coren Mitohell at bbc.in/IvCOzuY 


More online 


FOCUS CROSSWORD No 184 



ACROSS 

9 Processing speed makes concert 
a failure (8) 

10 Betting on a spring (3) 

11 I must turn, following left indicator (6) 

12 Constructing a path gets husband an 
ulceration (6) 

13 Lovingly have a sherry (7) 

14 The bird in the other nest (4) 

15 Cultivator finds margins too 
contrived (10) 

17 Paint bird with performing lions (8) 

18 Fellow has one party, say, in a kilt (7) 

19 Reportedly obstruct some countries (4) 
21 University students have time 

shortfall (6) 

24 Part of the extent of time (6-11) 

27 Traces out a wheel (6) 

29 Spots cane construction (4) 

30 Join rugby player in getting a poison (7) 
33 Article to ruin, other than an 

imaginary flower (8) 

35 Feature enamel design around tree (10) 

36 The burden we bear (4) 

37 Every artist contained energy and 
pain (7) 

38 Way to get colour out of rock (6) 

40 Dreadful loser has time for some 
alcohol (6) 

41 Your nasturtiums have a vase (3) 

42 In true style - negative particle (8) 




DOWN 

1 Monster’s joint breaking off grip (10) 

2 Loud performance, that’s true (4) 

3 A lab reconstructed heart of a fish (8) 

4 A quiet laugh at soldier with a dietary 
problem (7) 

5 Steaming oven -spectra vary (11) 

6 Singer and copper join musicians’ group 
and left one in the clouds (10) 

7 Underline anxiety (6) 

8 Native peach is new in courtyard, only 
no good (8) 

10 Points out the nose (5) 

16 Roman poet cut out of tube (7) 

20 Useless thing to find in a G&T (5) 

22 In all, no different to a woollen product (7) 

23 A pious hoard worked like a placebo (11) 

25 Volunteers managed to inform on a 
routine (10) 

26 Providing milk and money after castle 
collapsed (10) 

28 Gathered friend takes in silver first (8) 

31 Fiope is up about old horse (8) 

32 Deduce absence of blaze (7) 

34 Flave recourse to a holiday venue (6) 

35 Protein produces endless filth at home (5) 
39 Starts to make a riverbed, like 

sedimentary rock (4) 


SOLUTION TO CROSSWORD No 181 


Malcolm Wyatt, Philip Glendinning, Fially 
Fiardie, Ron Bridges and Susan Wilton each 
solved issue 285’s puzzle and receive a copy 
of Science But Not As We Know /r (Dorling 
Kindersley, £9.99). 



WIN! THE HUNT 

The first five correct solutions 
drawn will each win a copy of 
The Hunt (BBC, £18.99). Entries 
must be received by 5pm on 10 
December 2015. See below for 
more details. 


YOUR DETAILS 

NAME 

ADDRESS 



POSTCODE TEL 

EMAIL 


Post entries to BBC Focus Magazine, December 2015 Crossword, PC 
Box 501, Leicester, LE94 OAA or email a scan of the completed crossword 
or a list of answers to december2015(§)focuscomps.co.uk by 5pm on 10 
December 2015. Entrants must supply name, address and phone number. 
Immediate Media, publisher of BBC Focus Magazine, may contact you with 
details of our products and services or to undertake research. Please write 
‘Do Not Contact’ on your email or postal entry If you do not want to receive 
such Information by post or phone. Please write your email address on your 
postal entry If you would like to receive such Information by email. 


TERMS & CONDITIONS 


Entrants must be UK residents (inc Channel Islands) aged 18 or over. 
Immediate Media employees are not eligible to enter. By entering participants 
agree to be bound by these terms and conditions and that their name and 
county may be released if they win. Only one entry permitted per person. No 
responsibility is accepted for lost, delayed, ineligible or fraudulent entries. 
Entries received after the closing date will not be considered. Immediate 
Media (publisher of BBC Focus Magazine) will only ever use personal 
details for the purposes of administering this competition unless you permit 


otherwise. Read more about the Immediate Privacy Policy at 
www.immediatemedia.co.uk/privacy-policy. The winning entrants will be the 
first correct entries drawn at random after the closing time. The prize and 
number of winners will be as shown above. The winners will be notified within 
30 days of the closing date by post. Immediate Media’s decision is final and no 
further correspondence relating to the competition will be entered into. If the 
winner cannot be contacted within one month of the closing date. Immediate 
Media reserves the right to offer the prize to a runner-up. 
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ILLUSTRATION: PAUL RYDING 


MY LIFE SCIENTIFIC 


VTI FIITH 

Emeritus Professor of Cognitive 
Development at University College London 



At school in Germany. I was considered better at lansuases 
than i was at science. I studied history of art at university but ended 
up taking a psychology course. It made me realise, for the first time, 
that it was possible to study and quantify abstract mental concepts. 
Psychology seemed to offer the chance to discover new things. 

i first came to London because all the psychology books were 
in English and i needed to learn the language, i fell in love with 
English life and culture - the museums, the science, the social life - and 
fell totally in love once I met my very English husband, Chris. He’s a 
neuroscientist. 

I’ve always been interested in autism and dyslexia, in the 60s, we 
were completely ignorant about these conditions. Parents were blamed: 
they were cold or they hadn’t read enough with their children. I talked 
to parents and it struck me how readily they accepted blame. If it was 
their fault it meant there was something more they could do to help 
their children. It was the ultimate in parental love. I began to realise 
that these conditions are neurological; they have a basis in nature and 
are not caused by lack of nurture. It’s still a controversial viewpoint but 
it’s one that I stand by and am proud of I hope it helps people. 

The issue of gender bias in science is really important to me. 

I chair the Diversity Committee at the Royal Society and have founded 
informal networks like ‘Science and Shopping’ and ‘UCL Women,’ 
where high-flying, hard-working women who juggle family and career 


can talk to each other and have fun. We have lunches, do wine tastings... 
the shopping angle never really took off. 

People think I’m more empathic than I really am. I’m more 
detached than people realise. Maybe that’s a scientific stance. I’m also 
very critical of myself I’d like to be more altruistic, to fight more for 
injustice, but I think you have to be quite political to do that and I’m 
not a political person. 

If I wasn’t a scientist I’d be a writer or an art historian, i like 
going to museums and collecting things like Persian rugs, Chinese 
porcelain, paintings and etchings. I don’t have a bucket list of things I’d 
like to do, but I do have a huge list of things I’m grateful I don’t have to 
do. I would have hated to go mountaineering, horse riding or camping. 


I’m working on a graphic novel with my husband and my son, Alex. 

Alex is a children’s science book writer. The book is about what makes 
us social and it’s going to feature both me and my husband, but in 
pictures. We hope to have a large part of it ready in time for our 50th 
wedding anniversary next year. ■ 



DISCOVER MORE! 

To listen to an episode of The Life Scientific 
with Uta Frith, visit bbc.in/MwJnBJ 
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